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Summary 

Background 

The U.S. Army Corps of Engineers (USACE) and its partners, the Skokomish Indian 
Tribe and Mason County (local sponsors), funded the U.S. Fish and Wildlife Service (FWS) to 
collect biological data throughout the Skokomish Basin as part of the feasibility phase of their 
Skokomish River Basin Ecosystem Restoration and Flood Risk Management General 
Investigation Study (Skokomish GI or GI).  The purpose of the GI is to restore proper natural 
function to the Skokomish Basin while reducing flood damages to valley residents.  Specific 
objectives are to 1) maintain a sustainable river alignment; 2) maintain agricultural use in the 
river valley; 3) provide flood protection in the valley; 4) maintain a sustainable groundwater 
table; 5) restore spawning, rearing, and migration habitats for salmonids; 6) restore, where 
possible, the natural complexity of the aquatic and riparian ecosystem; 7) assess, and if needed, 
improve water quality critical to fish survival and migration, 8) reduce sedimentation and altered 
sediment transport processes; and 9) monitor the projects and use adaptive management where 
necessary.  Some potential actions resulting from this project include levee and dike removals 
and/or setbacks, sediment control structures, reconnecting side channels or oxbows, riparian 
planting, and dredging sections of the river channel.  The goal of these projects will be to 
increase fish habitat availability, complexity, connectivity, and stability, and to decrease or 
lessen floods damages.  

Work described in this report address the first two tasks of the Skokomish GI Project 
Management Plan (PMP), collection of existing research and data (Task 1) and physical data 
collection (Task 2).  The purpose of Task 1 is to determine what information exists, consolidate 
that information into a usable and informative form, and determine data gaps.  The purpose of 
Task 2 is to collect information that is lacking. 

Based on initial efforts to complete Task 1, it became evident that descriptive information 
is lacking for juvenile salmonids and overall ecosystem health in this system.  For example, 
information on simple life history traits such as distribution, outmigration timing, and 
community structure of primary and secondary producers (i.e., periphyton and benthic 
invertebrates) are lacking.  The data collections and assessments described in this report are 
focused on goals developed in conjunction with the USACE, Skokomish Indian Tribe, and 
Mason County.  These goals include obtaining information on juvenile fish life history traits and 
ecosystem health within the Skokomish Basin.  In addition, the data collected during this 
investigation will provide information regarding general habitat availability, the seasonal 
distribution and abundance of fish in the river and its estuary, outmigration timing of salmonids 
in this system, and the species composition of primary and secondary producers.  These data are 
useful in determining the overall health of the Skokomish Basin and in planning ecosystem 
restoration and flood risk management projects.   

Data collection for this study was completed from June 2008 through September 2009, 
which means the data cannot describe year-to-year variability.  Data collection was completed 
for eight major themes including habitat condition; fish distribution and abundance; winter 
survival; winter diet composition in different habitats; overall Skokomish Basin production and 
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outmigration timing; estuarine use, timing, and residency; early estuarine and marine migration 
and survival; and primary and secondary species composition.  

This report is organized as a watershed assessment; however, nearshore areas adjacent to 
the Skokomish estuary were not included since they are outside the scope of this project.  The 
introduction provides the necessary background to understand the need and scope of the project.  
A study description describes the Skokomish Basin and its geology, climate, and biological 
community.  Next, are two sections describing the physical and biological characteristics of the 
Skokomish Basin.  Each of these sections firsts presents existing information, followed by results 
from the new data collection.  Within the biological characteristics section, individual species of 
salmonids are discussed.  This discussion is organized around their general habitat requirements, 
historic adult salmonid distribution and population trends, specific juvenile habitat requirements, 
a summary of existing information, and results from the new data collections.  A short summary 
of limiting factors is provided for each species.  The final section of the report is a discussion of 
overall limiting factors and recommended habitat restoration measures.  A companion set of 
appendices describe the methods used to collect and analyze new data for the Skokomish GI. 

Skokomish Basin Condition: Physical Characteristics 

The Skokomish River originates in the southeastern Olympic Peninsula of Washington 
State and flows southeast, emptying into Annas Bay at the southern end of Hood Canal.  The 
river drains a watershed area of approximately 622 km2 (240 mi2).  The Skokomish Basin 
consists of the estuary, the mainstem and the following three primary sub-basins: the North Fork 
Skokomish- 305 km2 (117 mi2), South Fork Skokomish - 331 km2 (128 mi2), and Vance Creek - 
61 km2 (24 mi2). The Skokomish watershed has variable terrain ranging from alluvial and glacial 
valley bottoms and relatively gentle slopes to rugged and steep terrain with near vertical side 
slopes.  Soil depths in the Skokomish Basin are shallow except in the river valleys, where 
sediment may be hundreds of feet deep.  The climate is a temperate marine climate with wet 
winters and dry summers.  Annual rainfall in the Skokomish Basin varies from 152 cm in the 
lower valley to 304 cm in the headwaters.   

Natural and anthropogenic disturbances influence the watershed.  Significant natural 
disturbances include flooding, mass wasting, fire, and wind-throw, although mass wasting is also 
influenced by anthropogenic causes such as logging and associated road building.  Other 
anthropogenic influences include river and estuarine diking, road building, riverine dredging, 
hydroelectric dams, and general development. 

The interaction of the physical characteristics of the Skokomish Basin and watershed 
processes combined to form the main factors limiting adult and juvenile salmon habitat in the 
watershed – channel aggradation, or an increase in overall sediment in the river.  The six primary 
factors that have influenced channel aggradation are mass wasting events, flow reduction, 
channel destabilization due to large wood removal and riparian clearing, channel confinement 
through levee construction, channelization through straightening, bank armoring and dredging, 
and constriction by bridge embankments.  The combination of these six factors results in 
increased sediment supply to the channel, reduced sediment transport capabilities, and reduced 
stable floodplain storage for sediment.  
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Mass wasting appears to have increased in the Skokomish Basin as a result of logging 
and associated road building, based on landslide inventories.  However, it is still unclear how 
much this has contributed to the current level of aggradation in the lower South Fork Skokomish 
and the Skokomish mainstem.  It is possible that much of the sediment that has entered the river 
in the upper watershed has not yet reached the lower watershed.  These sediments could thus 
become available in the future to induce future aggradation in the lower mainstem, unless they 
can somehow be stabilized in the upper and middle reaches.  

The second cause of aggradation is reduced flows resulting from the Cushman 
hydroelectric project, which has reduced the rivers ability to transport its sediment load.  This 
project, on the North Fork Skokomish River, has historically diverted significant proportions of 
the North Fork Skokomish discharge (i.e., up to 96%) directly to Hood Canal.  These reductions 
have also been significant (80%) during important high sediment transport discharges such as 
bankfull discharge.  Thus, the rivers ability to transport sediment downstream of the confluence 
of the North Fork Skokomish with the South Fork Skokomish has been seriously reduced since 
the 1920s.  However, this impact has likely been mitigated as a result of a new flow regime 
resulting from the new Federal Energy Regulatory Commission (FERC) license agreement 
implemented in July 2010.  This agreement calls for greater minimum base flows and more 
importantly a „normative flow regime‟ that will increase discharges below the projects during 
freshets to facilitate sediment transport.  This should increase the sediment transport capabilities 
of the system.   

Levee construction along the lower mainstem has impacted sediment transport and 
storage.  The levees isolate the river from its floodplain, resulting in suspended sediment that 
would have been stored in the floodplain to be stored in the channel in the rivers lowermost 
reaches, and eliminating the rivers ability to store coarse sediment in secondary channels through 
channel avulsion and migration processes.  Levees also cause flood flows to backwater upstream 
of the constriction, resulting in increased coarse sediment deposition and subsequent channel 
aggradation upstream from the levees.  This aggradation usually results in bank erosion, which 
further increases sediment supply to the channel.  

Large wood removal early in the twentieth century coupled with clearing of riparian old 
growth conifer forests for farming and wood production likely resulted in destabilization of an 
island braided channel morphology, converting it to the wider single-thread or braided 
morphology seen today.  This channel evolution would have released large amounts of coarse 
and fine sediments stored as stable floodplain deposits, and would have reduced the sediment 
transport efficiency of the river, resulting in aggradation. 

Channelization, including the straightening and widening of the channel for flood 
conveyance, though poorly documented, is known to have been done, particularly in the mid 
twentieth century.  Channel straightening increases the slope and channel widening increases the 
flow cross section, achieving a temporary increase in hydraulic capacity.  However, a wide, 
planar channel bed cannot transport sediment as effectively as a natural channel with a deeper 
thalweg and a lower width to depth ratio.  Thus, channelization likely set the stage for increased 
aggradation in these reaches as well. 

Constriction of the channel and floodplain by bridge embankments causes backwatering 
during peak flow events, resulting in aggradation upstream of the bridge.  Floodplain constriction 
reduces the ability of the river to deposit suspended sediment on the floodplain, making these 



xxiv 

 

 

sediments more available to be deposited in-channel further downstream where the slope is 
decreased, particularly in the zone influenced by tidal action.  Bridge embankments also cut off 
secondary channels which formerly served as deposition sites for coarse sediment during floods. 

Channel aggradation has two potential impacts to salmonid populations; channel 
instability which can scour redds and reduced habitat quality in terms of pool frequency and 
depth, and large wood cover.  Data within the Skokomish Basin are lacking to make a definitive 
conclusion regarding the impact of scour on salmonid populations in the system.  However, 
increased scour-related mortality has been observed in other systems with impaired sediment 
supply and sediment transport equilibrium.  This issue was not evaluated in this study, but should 
be a high priority data gap in future assessments. 

Past habitat data collections have concluded that pool and large wood cover are 
somewhat impaired in the system.  In general pool frequency and large wood (LWD) abundance 
is low.  In general, habitat quality improves as you move up the Skokomish Basin and as you 
move from the mainstem to the tributaries.  Pool frequencies have been rated poor in the South 
Fork Skokomish, but fair or good in tributaries, except Church Creek.  Large wood cover levels 
were not adequate to provide good quality cover in nearly one-third of the sites sampled 
historically.  

Increased sediment supplies, reduced flows, and levees have also had a significant effect 
on estuarine habitat.  The delta has become steeper, resulting in the loss of important intertidal 
and eelgrass habitat.  This has also reduced the mesohaline mixing zone, which is an important 
transition area for juvenile and adult salmonids as they transition between freshwater and 
seawater.  Diking and filling has also resulted in the loss of tidal channels and vegetated 
wetlands.  

We collected new data throughout the Skokomish Basin, but our efforts were limited to 
habitats below barriers to anadromous fish migration (i.e., anadromous zone) and included 
tributaries, lateral habitats, off-channel habitats, and the estuary.  Data was collected using a 
stratified approach, moving from large spatial scales to successively finer scales.  Existing 
Geographic Information System (GIS) data, barrier information, and consultation with 
professional biologists was used to estimate the extent of the anadromous fish zone.  Based on 
this analysis, there is approximately 132 km of anadromous fish habitat in the Skokomish Basin.  
Just over half of this habitat (55.4%) was classified as mainstem habitat and the rest (44.6%) as 
tributary habitat.  A majority of the habitat was also classified as low gradient (<1%) and 
unconfined, with very little classified as having gradients greater than 4%.  In addition, 4.1 km of 
the lower mainstem was estimated to lie within the stream estuary ecotone, the transition zone 
between the river and its estuary. 

Instream habitat data was collected from 21 study reaches (22 km) during the summer of 
2008 and 24 study reaches (22 km) during the winter of 2009.  As expected, the majority of the 
available habitat existed in the main channels.  However, braided channel habitat (channels 
separated by unvegetated islands) was the next most common and side channel (channels 
separated by islands with mature vegetation) and backwater habitats were found in low 
proportions.  Overall, deep water habitats commonly associated with pools made up between 
25% and 44% of the habitat.  However, deep water habitats were absent or in low abundance in 
several study reaches.  In addition, deep water habitats, which are very important habitats during 
the winter, were in lowest abundance during that period.  Fine wood and vegetative cover was 
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the most common cover element available in the reaches we evaluated.  Large wood and large 
wood debris piles were present at intermediate levels to other cover elements.  Overhead cover 
and undercut banks were relatively uncommon. 

We identified 28 different off-channel pond complexes through evaluation of aerial 
photographs.  These ponds had a total surface area of 20.3 hectares and a perimeter of 29,499 m.  
The ponds ranged in size from 0.08 to 4.96 hectares and averaged 0.7 hectares.  We sampled 14 
different pond sites located in six different ponds during the summer and 20 sites located in 7 
different ponds during the winter.  Two of the ponds, within the anadromous zone were 
determined to not be accessible to juvenile salmonids, one due to the level of vegetation in the 
pond, and the other was in the middle of an agricultural field and lacked access channels to the 
river or its tributaries.  One pond was determined to lie outside the anadromous zone due to its 
location on a terrace and the lack of obvious egress channels to the river or its tributaries. 

Based on the habitat assessment, the tributary junctions, especially the Vance Creek and 
South Fork Skokomish confluence are the most degraded portions of the watershed.  These areas 
are the most effected by land use practices throughout the Skokomish Basin and several of these 
areas, including lower Vance Creek, go subsurface during late summer and early fall due to 
sediment aggradation.  This has the potential to block the upstream migration of adult salmon, 
thereby significantly reducing habitat availability for their progeny.  These areas are also likely 
to be susceptible to scour which can severely impact salmon redds and juvenile salmon 
overwintering in the substrate. 

Skokomish Basin Conditions: Biological Characteristics 

We collected data for periphyton and macroinvertebrate community structure in the 
Skokomish to assess ecosystem health.  Samples were collected from 29 locations throughout the 
Skokomish Basin including the North Fork Skokomish, South Fork Skokomish and 5 different 
tributaries.  Taxa richness, the total number of unique diatom taxa found at a given site, averaged 
32 species and was slightly greater in mainstem sites than tributary sites.  The Shannon diversity 
(base2) averaged 3.31.  Scores for the three biocriteria metrics generally indicated good to 
excellent ecosystem health, with only one site, Pine Creek, receiving a score of poor.   

Macroinvertebrate abundance and community structure generally indicated good habitat 
quality.  Macroinvertebrate abundance (mean of 6,835 individuals per sample) generally 
indicated values of waters in good conditions with high primary and secondary productivity.  
Taxa richness, the total number of unique taxa at each site, was generally moderate to high 
across all sites (mean 48).  Shannon‟s index averaged 2.86. 

Scores for the Benthic Index-of-Biotic-Integrity (B-IBI or BIBI) developed for Puget 
Sound lowland streams and larger western Washington Rivers indicated moderate to high overall 
biological integrity throughout the Skokomish Basin.  B-IBI scores for tributaries were more 
commonly rated as having higher biological integrity than mainstem sites.  Although B-IBI 
scores generally indicated healthy community structure, long-lived macroinvertebrate taxa and 
shredder macroinvertebrates were somewhat low.  This could be due to a lack of channel 
roughness caused by high embeddedness, the quality of interstitial spaces in the steam bed, lack 
of habitat complexity, scour effects of highly mobile river bottom, lack of wood boles or other 
habitat features that long-lived species use as special refugia during high flows.  In addition, 
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there was a lack of snails, pea clams, and crustaceans in the system, which are generally common 
in mid- to low-elevation stream in western Washington.   

Twenty-three species of fish have been identified in the Skokomish Basin.  A majority of 
these species are salmonids.  We observed 15 species of fish in freshwater environments during 
our sampling, including 3 introduced species, common carp, largemouth bass, and brook trout.  
Salmonid species observed included Chinook, coho, chum, rainbow/steelhead, cutthroat, and bull 
trout.  Coho salmon were numerically the dominant species of salmonid in the system. 

Juvenile salmonid distribution and abundance, which was identified as a data gap by the 
Skokomish GI sponsors, is obviously influenced by adult salmon distribution and abundance.  
Four fish species, Puget Sound Chinook salmon, Puget Sound steelhead, Hood Canal Summer 
chum, and bull trout have been listed under the Federal Endangered Species Act.  Thus, 
abundance for these species is expected to be low.  The distribution of Chinook salmon is often 
limited in the South Fork Skokomish and Vance Creek due to the channel going subsurface.  
Adult chum salmon also appear to be restricted to the lower sections of the South Fork 
Skokomish due to the first canyon in this system.  They spawn in most of the tributaries to the 
Skokomish River, with the heaviest concentrations in the lower 7.6 km of the North Fork 
Skokomish.  Coho salmon spawn in most of the tributaries, with the highest concentrations in the 
lower North Fork Skokomish and Vance Creek.  They appear to have been restricted historically 
to the lower portions of the South Fork Skokomish due to the first canyon.  However, we 
observed juvenile coho salmon in the upper South Fork during our study, suggesting that adults 
were able to migrate through the Canyon the fall prior to our surveys (2007).  Steelhead and bull 
trout adults are the most widely distributed salmonids in the Skokomish Basin.  They appear to 
use most tributaries as well as the upper reaches of the South Fork Skokomish and Vance Creek. 

Juvenile salmon have a diverse array of freshwater and estuarine habitat requirements 
which vary by species and life history strategies within species.  However, the basic 
requirements can be summarized as 1) stable gravel with ample flow of water with high 
dissolved oxygen levels and appropriate temperatures for egg incubation and early rearing, 2) 
high quality freshwater habitat for early and potentially extended rearing, 3) connected 
freshwater migratory habitats, and an estuarine environment to allow transition from freshwater 
to sea water.  These requirements have been described for the species of juvenile salmon 
expected to be present in the Skokomish Basin. 

Data for the status and distribution of juvenile Chinook salmon in the Skokomish River is 
limited to outmigration data in Skabob Creek and estuarine sampling.  We observed Chinook 
salmon in mainstem, tributary, freshwater, the stream-estuary ecotone, and the estuary during our 
sampling efforts.  Juvenile Chinook were more common in the mainstem then tributary and pond 
habitats.  Their distribution was limited to the lower Skokomish Basin, generally below the first 
canyon in the South Fork Skokomish and Vance Creek, and their distribution was greater in the 
winter than during the summer.  However, this difference may have been an artifact of our 
sample sites.   

We estimated that 239,511 Chinook salmon migrated past the screw trap between mid-
March and late July.  A majority (93%) of these fish were hatchery parr and smolts.  Naturally 
produced Chinook salmon smolts migrate from the Skokomish River primarily in January and 
February.  However, small numbers were observed outmigrating from March through July.  
Hatchery smolts emigrated from mid-May when they were released from the hatchery through 
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July.  Both naturally produced and hatchery produced Chinook salmon were caught in low 
numbers, although we caught seven times as many hatchery Chinook than wild Chinook.   

The timing of estuary use is consistent with that observed during outmigration, extending 
from January through August.  Juvenile Chinook salmon catch per unit effort (CPUE) in the 
estuary was generally low and was dominated by hatchery Chinook.  We could only calculate 
one population estimate for juvenile Chinook salmon in the Nalley Island section of the estuary.  
The estimate for this sampling event, which occurred May 27, 2009, was 55,104 individuals 
(95% Confidence Interval: 20,099 to 133,080).  In general, hatchery Chinook arrived at the 
estuary later in the year, apparently due to hatchery release strategies, and left the estuary sooner 
than their unmarked, presumed wild counterparts.   

Juvenile Chinook salmon distribution and abundance appear to be limited most by the 
stability of their incubation environment.  We saw relatively few juvenile Chinook salmon in the 
freshwater rearing habitat, in outmigration sampling, and in the estuary.  Adult Chinook salmon 
were distributed throughout the Skokomish Basin as a result of higher than normal late summer 
discharges, and an adult supplementation program initiated by the Skokomish Indian Tribe and 
Washington Department of Fish and Wildlife (WDFW), which resulted in adults being trucked 
into the upper South Fork Skokomish.  The fact that we saw so few individuals suggests that 
reproductive success or incubation survival was relatively low.  This could be due to poor 
reproductive fitness of hatchery Chinook salmon spawning with naturally produced adults or 
scour occurring during high flows. 

Juvenile chum salmon generally migrate to sea shortly after emergence.  Thus, their 
freshwater rearing requirements are largely incubation and early rearing.  We found no 
information on the freshwater distribution and abundance of juvenile chum salmon in the 
Skokomish River.  We observed chum salmon in mainstem, tributary, and pond freshwater 
habitats in the lower Skokomish Basin below the South Fork Skokomish canyon.  However, we 
observed chum above the first canyon in Vance Creek, which contrasted observations for 
juvenile Chinook salmon.  Unlike Chinook salmon, they did not use the entire North Fork 
Skokomish up to the lower Cushman dam. 

We estimated 52,179 chum salmon migrated downstream during screw trap sampling 
between mid-March through July.  However, it appears that our estimates were significantly 
biased and underestimated production since 10 million chum were released from hatcheries in 
the Skokomish River during this period.  Peak daily chum salmon migration occurred from late-
January through mid-July, peaking in mid-February.  There was a second large peak in mid-April 
following the hatchery release.  Out-migrating chum salmon averaged 42 mm in fork length and 
grew throughout the season.  Chum salmon caught immediately after the hatchery release, and 
presumably hatchery chum (chum are not marked prior to release from the hatchery) were much 
larger than the chum caught immediately prior to the hatchery release. 

Juvenile chum salmon were the most numerous salmonid caught in the estuary.  They 
were present from February through June, peaking in mid-May.  The difference in peak 
outmigration and estuary residence suggests that juvenile chum salmon held in the stream-
estuary ecotone or adjacent estuary prior to entering the Nalley Island section of the estuary, 
highlighting the potential importance of this habitat. 

Coho salmon generally rear in freshwater for a year before migrating to sea.  Thus, they 
have greater freshwater requirements than either Chinook or chum salmon.  In contrast, they 
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generally move through the estuary quicker than Chinook or chum salmon.  Juvenile coho 
salmon were observed in tributary, mainstem, and pond habitats.  They had a much greater 
distribution than either Chinook or chum salmon.  They were observed in the upper South Fork 
Skokomish above the series of canyons.  Juvenile coho salmon were also numerically the 
dominant salmonid present in the Skokomish Basin.  However, their abundance decreased 
dramatically from summer to winter. 

We estimated that 352,603 coho fry and smolts migrated downstream during our 
outmigration sampling, with unmarked fish comprising 80% of the total.  Coho fry were more 
numerous than coho smolts, accounting for 51% of the total.  Wild coho smolt outmigration was 
estimated at 87,639.  Both coho fry and smolts were caught during our entire outmigration 
sampling (January through July).  Fry outmigration peaked in late-April and early-May, while 
smolt migration peaked from mid-May through mid-June.  Hatchery coho smolt outmigration 
peaked in mid-April, immediately after release.  The size distribution of coho salmon caught 
during the outmigration sampling was bimodal due to the presence of fry and smolts in the 
outmigration sampling.  Fry were generally less than 60 mm, while smolts were generally 
between 80 and 100 mm fork length. 

Coho salmon were captured in the estuary from April through September, with peak 
abundance occurring from mid-May through late-June.  Unmarked coho salmon were present in 
the estuary before and after (i.e., longer) their marked counterparts.  Coho fry as small as 50 mm 
were frequently observed in the Nalley Island section of the Skokomish estuary.  Thus, coho fry 
use both the stream-estuary ecotone and the estuary during the summer.  However, their absence 
during the fall and early winter suggests that they potentially migrate back upstream into the 
lower mainstem or off-channel habitats present in the lower river during the winter.  Thus, the 
stream-estuary ecotone and the estuary appear to be extremely important for juvenile coho 
salmon in this system. 

Juvenile coho salmon appear to be limited by freshwater winter rearing habitat.  They 
were present in large numbers during the summer 2008 surveys, suggesting better incubation 
success than Chinook salmon.  However, their numbers decreased dramatically during the winter 
and we estimated less than 100,000 smolts were produced.  The lack of winter pool habitat 
would contribute significantly to the observed reduction from summer to winter 

Juvenile steelhead are the most dependent salmonid species on freshwater habitat of all 
anadromous species in the Skokomish River.  They spend up to three years in freshwater before 
migrating to sea.  Juvenile steelhead are found throughout the Skokomish Basin in relatively low 
densities.  They also had the greatest distribution of any juvenile salmonid species, being present 
in the upper reaches of the South Fork Skokomish, North Fork Skokomish, McTaggert Creek, 
and Vance Creek. 

We caught very few steelhead in outmigration sampling.  However, they were caught 
from early February through July, when sampling was terminated.  A majority of the steelhead 
caught were unmarked.  Based on body size, we caught fish that appeared to be from three 
different age classes (0+, 1+, and 2+).   

We did not capture any steelhead in our estuary sampling.  Results from acoustic tagging 
suggest that steelhead migrate through the lower river relatively quickly (generally less than 5 
days).  Steelhead smolts use the nearshore habitat of Hood Canal as more than just a migratory 
corridor, and generally spend approximately 2 weeks travelling from the mouth of the 
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Skokomish River to the Hood Canal Bridge.  Survival through the lower river is generally high 
(>80%) for wild fish, but much lower (<50%) for their hatchery counterparts. 

Steelhead appear to be limited by overwinter habitat conditions.  Steelhead typically 
spawn in the spring after most of the large freshets which would scour their redds.  In addition, 
outmigration, estuarine, and early marine survival (through Hood Canal) appear to be relatively 
high.  The lack of winter pool habitat and unstable channels likely limit production, since 
steelhead use pool habitats during the winter, and often hide in the substrate during daylight 
hours during the winter. 

The biological community has also potentially been influenced by hatchery activities in 
the Skokomish Basin.  Two of the three hatcheries in the watershed produce Chinook, coho, and 
chum salmon that are released into the Skokomish Basin on-station fry or smolt releases.  
Significant out of basin stocks have been reared and released into the Skokomish Basin 
historically.  The impact of these out of basin stocks on the fitness of natural spawned salmon in 
the Skokomish Basin is unknown.  Hatchery fish released into the system compete with naturally 
produced fish, may increase predation on naturally produced fish which can impact their 
subsequent survival.  Finally, hatchery adults that return successfully may spawn with wild fish; 
potentially reducing the fitness of the natural offspring.  This is a particular concern with 
Chinook salmon which stray in large numbers to the lower South Fork Skokomish and Vance 
Creek and can contribute significantly to the number of naturally spawning fish. 

Based on the information compiled in this report, it appears that the primary factor 
limiting juvenile salmonid distribution and abundance in the Skokomish Basin is excessive 
sedimentation and aggradation.  Although not measured specifically in this report, scour and/or 
burial of redds of fall spawning salmonids and low overwinter survival of freshwater dependent 
species such as coho and steelhead appear to limit production.  Scour could be the result of the 
disequilibrium between sediment input and sediment transport in the system.  The excessive 
sediment would also result in poor pool frequency and/or quality, which we observed in our 
habitat surveys.   

We recommend a process based approach of restoration that reduces sediment inputs, 
reduces artificial channel constrictions, provides floodplain storage for sediments, stabilize active 
channel sediment, and ample discharges to transport existing sediment.  Sediment inputs would 
be reduced by controlling anthropogenic sources of sediment in the system, improving and 
decommissioning roads in the Skokomish Basin, reducing logging associated mass wasting 
events, and stabilizing existing mass wasting areas.  Reductions in artificial channel constrictions 
and increased floodplain storage of sediment can be obtained by levee removal and/or significant 
setbacks.  Active channel stability can be increased through the introduction of large wood, 
especially engineered logjams.  Active monitoring of the new FERC license agreement for the 
operation of the Cushman hydroelectric facility will help determine if the prescribed flows are 
adequate for sediment transport requirements in the system. 
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Introduction 

The U.S. Army Corps of Engineers (USACE) is currently in the feasibility phase of the 
Skokomish River Basin General Investigation (Skokomish GI or GI).  The purpose of the GI is 
to investigate and formulate a solution to address ecosystem restoration and flood risk 
management in the Skokomish Basin.  The goal of the GI is to restore proper natural function to 
the Skokomish Basin while reducing flood damages to valley residents.  Specific objectives are 
to 1) maintain a sustainable river alignment, 2) maintain agricultural use in the river valley, 3) 
provide flood protection in the valley, 4) maintain a sustainable groundwater table, 5) restore 
spawning, rearing, and migration habitats for salmonids, 6) restore, where possible, the natural 
complexity of the aquatic and riparian ecosystem, 7) assess, and if needed, improve water quality 
critical to fish survival and migration, 8) reduce sedimentation and altered sediment transport 
processes, and 9) monitor the projects and use adaptive management where necessary.  A current 
conditions report will be prepared as part of the feasibility phase of the GI.  The current 
conditions report will outline the current conditions of the Skokomish Basin as it relates to the 
goals of the project and is completed by examining existing information, identifying information 
gaps, and collecting additional information to address identified information gaps. 

The Skokomish GI requires the evaluation of both physical and biological information, 
including channel geomorphology, hydrology, sediment transport, aquatic community structure, 
and physical habitat before a plan is evaluated and eventually recommended.  From an aquatic 
community structure and habitat perspective, adequate information exists for the spawning 
distribution and abundance of adult salmonids throughout the Skokomish Basin.  However, 
information related to the community structure of aquatic primary (periphyton) and secondary 
(invertebrates) producers, juvenile salmonid life history traits, and general habitat availability is 
lacking.  This information is critical to develop strategies to meet the sponsors‟ objective of 
ecosystem restoration and to plan flood risk management in a manner consistent with the 
restoration objective.  This study, developed in conjunction with agency and tribal staff, 
reviewed existing information and collected additional biological and habitat data.  The purpose 
of this data collection was to provide information for aquatic community structure, general 
habitat availability, and juvenile salmon life history traits, including distribution, abundance, 
outmigration patterns, and estuarine use.   

Watershed and/or river management and ecosystem restoration planning requires a 
thorough understanding of watershed processes, community structure, ecology, habitat 
conditions, and habitat requirements of biota.  Watershed assessments generally evaluate 
landscapes, physical processes, and land-use factors influencing riverine ecosystems (Beechie et 
al 2003).  Beechie et al. (2003) suggest that watershed assessments be used to estimate historic 
and current smolt production based on habitat conditions, and identify causes of habitat loss and 
restoration actions necessary to recover those habitats.  Several assessments of watershed 
condition, fish habitat conditions and limiting factors focusing, in part or completely, on the 
Skokomish Basin have been completed (e.g.; Watershed Management Team 1995; KCM 1997; 
ME2 Environmental Services 1997; Correa 2003).  However, many of these assessments were 
limited in scope (i.e. habitat focus) or were restricted to summarizing available information.  
Thus, information for current conditions in the Skokomish Basin is limited.  

Flooding has always occurred in the Skokomish Basin, but several studies (Jay and 
Simenstad 1996, Stover and Montgomery 2001, Bountry 2009, USACE 2010) have concluded 
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that it has been exacerbated during the last century.  Increased flooding is probably a result of 
channel aggradation, which has been exacerbated by increased sediment delivery, levee 
construction, and instream flow manipulations resulting from human activities in the Skokomish 
Basin (USACE 2010).  These issues are discussed briefly here and in more detail later in this 
report.  Extensive logging and associated road building in the upper South Fork Skokomish and 
Vance Creek sub-basins has resulted in increased landslides, thereby increasing sedimentation in 
the river.  This situation has been exacerbated in the lower river, by the construction of levees in 
the floodplain, which constrict flows and limit sediment transport (Bountry et al. 2009).  In 
addition, the ability of the Skokomish River to transport sediment has been decreased historically 
as a result of water diversions that occur at two City of Tacoma Hydroelectric Project Dams, 
Federal Energy Regulatory Commission (FERC) #460.  However, a new settlement agreement 
between the Skokomish Tribal Nation and Tacoma Public Utilities will reduce future diversions 
(Cushman Project 2009).  The alteration of these three processes (flow regime, sediment delivery 
and sediment transport/storage) has resulted in approximately 1.6 meters of aggradation during 
the last 40 years.  This aggradation has reduced channel conveyance to the point that overbank 
flow near the Highway (HWY) 101 bridge that historically occurred at 13,000 cfs now occurs at 
4,100 cfs (Bountry et al. 2009).   However, overbank flows occur at only 2,500 cfs downstream 
of the HWY 101 Bridge (Karl Erickson, USACE, Personal Communication).This reduced 
conveyance means there is a 90% chance of overbank flow during a given year (USACE 2010).  
Channel aggradation and increased frequency in overbank flows has negatively influenced 
aquatic communities, including salmonids and their habitats.  

The status and distribution of adult salmonids, which will obviously influences 
subsequent juvenile distribution, is relatively well known.  This information is summarized in 
Salmon and Steelhead Stock Inventories (SASSI) completed from the early 1990‟s through 2006 
(SASSI 1992, 2002, 2006).  Salmon production in the Skokomish Basin has been reduced from 
historic levels (Watershed Management Team 1995).  Twelve salmonid stocks have been 
identified in the Skokomish Basin (SASSI 1992, 2002, 2006).  Of these, 3 are listed as healthy, 2 
as depressed, 2 as extinct (Nehlsen et al. 1991), and 5 are listed as unknown.  Four salmonid 
species in the Skokomish Basin are part of population segments that have been listed as 
threatened under the Endangered Species Act (ESA).  These include Puget Sound Chinook 
(Oncorhynchus tschawytscha) (1999, Federal Register Volume 64, 14308); Hood Canal Summer 
Chum (O. keta) (1999, Federal Register Volume 64, 14508); Coastal-Puget Sound, Washington 
bull trout (Salvelinus confluentus) (1999, Federal Register Volume 64, 58910); and Puget Sound 
steelhead (2007, Federal Register Volume 72, 26722).  Stock status is based on yearly spawning 
ground surveys completed by WDFW and the Skokomish Indian Tribe.   

Relative to adult salmonids, little is known about juvenile salmonids and their habitats in 
the Skokomish Basin.  The distribution of juvenile salmonids can be inferred from the spawning 
distribution of adults, although juvenile salmonids can move upstream upon emergence (e.g. 
Kaya 1989).  In addition, relatively little information exists regarding the habitat requirements of 
juvenile salmonids in relatively large river channels.  This is an important factor in the 
Skokomish Basin since a majority of the available habitat is mainstem habitat.  This is because 
limited tributary habitat is available due to natural anadromous barriers which occur short 
distances upstream of the tributary mouths in this Skokomish Basin (Watershed Management 
Team 1995).  This lack of information resulted in this topic being identified as an important 
information gap during the initial phases of the GI. 
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Information regarding the community structure of lower trophic levels is also lacking.  
The U.S. Fish and Wildlife Service (FWS) collected invertebrate data from two reaches in the 
Skokomish Basin in the mid 1990‟s, one in the North Fork Skokomish (NF) above Lake 
Cushman and one in the lower Skokomish River (Celedonia 2004).  Based on this survey, 
aquatic health was rated as excellent in the North Fork Skokomish, above Cushman Dam and fair 
in the lower Skokomish mainstem.  However, this data is relatively old and may not accurately 
represent current conditions. 

This study will provide important information to help fill the information gaps described 
above.  The information is critical for planning ecosystem restoration and flood risk management 
measures consistent with ecosystem restoration.  In addition, this data will establish baseline 
conditions in the Skokomish Basin which can be used to assess the influence of future projects 
resulting from proposed alternatives in this GI.  This is a critical need for evaluating the 
effectiveness of riverine restoration projects, which is often lacking in most restoration 
assessments (Pess et al. 2005). 

The objectives of this study were to: 1) identify potential limiting factors to juvenile 
salmon production within the Skokomish Basin; 2) identify seasonal distribution, abundance and 
survival; 3) estimate Skokomish Basin production; 4) determine smolt out-migration timing; 5) 
evaluate estuarine use and residence time of juvenile salmon; and 6) evaluate the community 
structure of periphyton and aquatic invertebrates.  A literature review was completed to gather 
existing information for the Skokomish Basin to address the objectives described above.  
Potential limiting factors will be identified by assessing seasonal distribution, abundance, and 
survival throughout the Skokomish Basin.  This information will help identify potential 
bottlenecks in production and/or survival.  Distribution, abundance, and survival data was 
collected using a combination of seasonal snorkel and habitat surveys, along with Passive 
Integrated Transponder (PIT) tagging and subsequent recapture surveys.  Skokomish Basin 
production estimates were completed using the information collected during the habitat and 
snorkel surveys, as well as limited fyke netting and screw trap data collected in the lower river.  
This trapping also provided information regarding out-migration timing in this system.  Estuarine 
use and residence timing was assessed using beach and purse seining.  The community structure 
of primary and secondary producers was evaluated by collecting samples throughout the 
Skokomish Basin. 

This report is organized into several sections which generally summarize existing 
information for the Skokomish watershed and new field data collected as part of the GI.  This 
information will be used to identify factors limiting juvenile salmonids in the Skokomish 
watershed; identify additional information needs; and guide potential restoration activities.  The 
report sections are organized into six parts: 1) a description of the study area, including a general 
description of the stream network, geology, climate, and fish assemblage; 2) a general overview 
of the disturbance regime and their relationship to physical processes in the Skokomish Basin; 3) 
a description of historic and current habitat data, 4) historic and current stock status of each 
species in the watershed; 5) a comparison of the general habitat requirements of juvenile 
salmonids; 5) a description of juvenile salmon seasonal distribution and abundance throughout 
the watershed, outmigration timing and abundance, and timing and relative abundance in the 
estuary; and 6) a summary of current conditions, factors limiting juvenile salmonids in the 
Skokomish Basin based on these current conditions, and recommended restoration activities.  
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Detailed descriptions of the methods used for new data collection and general results are 
provided in companion set of appendices.  
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Skokomish Basin Condition: Physical Characteristics 

 

The physical characteristics of the Skokomish Basin are characterized in this section of 
the report, including the physical setting (i.e., drainage, geology, and climate), disturbance 
regime (natural and management), and resulting fish habitat conditions.  The descriptions of the 
physical setting and disturbance regime are relatively brief in an effort to generally familiarize 
the reader with the general attributes of the watershed and the physical processes influencing the 
watershed.  It is not our intent to provide an in depth fluvial geomorphology investigation in this 
section of the report since this information has been examined in detail in several reports (i.e., 
USFS 1995, ME2 1997, Correa 2003, Bountry et al. 2009, Skokomish Tribe and WDFW 2010, 
USACE 2010).  The primary purpose of this section is to provide a brief summary of these 
conditions and summarize how these factors have influenced habitats for fish and other aquatic 
organisms.  This is completed by providing a brief summary of the physical setting, natural 
physical processes and management activities that influence the watershed, the interaction of 
these two factors, summarizing past habitat data collection and summary efforts, and 
summarizing the new data collected as part of the GI. 

Drainage Area 

The Skokomish River originates in the southeastern Olympic Peninsula of Washington 
State and flows southeast, emptying into Annas Bay at the southern end of Hood Canal (Figure 
1).  The river drains a watershed area of approximately 622 km2 (240 mi2).  The Skokomish 
Basin consists of the mainstem, three primary sub-basins: the North Fork Skokomish 305 km2 
(117 mi2), South Fork Skokomish 331 km2 (128 mi2), and Vance Creek 61 km2 (24 mi2), but also 
includes several smaller tributaries with an additional 416 km (260 mi) of stream habitat.  New 
habitat data collected as part of the GI was collected throughout the Skokomish Basin, but was 
limited to habitats below barriers to anadromous fish migration (i.e., anadromous zone) and 
included tributaries, lateral habitats, and off-channel habitats.  No new habitat data was collected 
in the estuary for the GI.  As a result of these criteria, approximately 123 km (76 mi) of the 514 
km (319 mi) of stream habitat in the Skokomish Basin, was included in the area where new data 
collection was completed for the GI (Williams et al. 1975). 

The Skokomish estuary consists of the mouth of the Skokomish River and its delta that is 
tidally influenced.  It is the largest and most complex river estuary in Hood Canal.  The 
Skokomish estuary has undergone significant change since the mid-1800, when land clearing 
was initiated to convert the land to agricultural and residential uses.  Much of the estuary was 
completely diked by the 1930‟s significantly reducing the total estuary area.  However, estuarine 
restoration in the form of extensive dike removal and burrow ditch filling has occurred since 
2007, partially restoring some of this lost habitat.   

In addition to direct alterations resulting from diking, the Skokomish estuary has also 
been influenced by indirect alterations resulting from water diversions and increased sediment 
delivery in the upper basin (Jay and Simenstad 1996).  These alterations have resulted in tidal 
influence in the mainstem that reaches approximately 5.6 to 6.4 km upstream of the mouth 
(Skokomish Indian Tribe and WDFW 2010, citing Marty Ereth, former Skokomish tribal 
biologist, personal communication), significantly less than historic values.  Data presented in this 
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report suggests that tidal influence may actually have shifted even further downstream (see 
Biological Characteristics section for details).  They have also resulted in finer substrate in the 
inner delta (Jay and Simenstad 1996).   

Collins and Sheikh (2005) used a regional process-based classification scheme to classify 
tidal wetlands in Puget Sound.  They classified the Skokomish estuary along with estuaries of 
major rivers with river deltas and tidal freshwater floodplains in major glacial troughs.  These 
systems were characterized by broad low gradient valleys created by sub-glacial fluvial erosion 
(Collins and Sheikh 2005).  Bortleson et al. (1980) classified habitat conditions in the Skokomish 
estuary broadly as intertidal and subaerial.  Collins and Sheikh (2005) also classified intertidal 
wetland habitats within Puget Sound and determined that approximately 70 percent of the 
Skokomish estuary composed of emergent estuarine wetlands (~70%) with the remaining 
wetlands classified as scrub-Shrub wetlands.   

The mainstem Skokomish River flows from the confluence of the North and South Fork 
Skokomish River through the broad, alluvial Skokomish Valley before entering Hood Canal via 
the relatively large estuary described above (Todd et al. 2006).  This section of river has been 
relatively dynamic in recent years.  As stated above, tidal influence in the mainstem appears to 
be shifting downstream (Skokomish Tribe and WDFW 2010).  In addition, the confluence of the 
North Fork Skokomish and South Fork Skokomish was altered in 2004 when the North Fork 
Skokomish became blocked with sediment and large wood, resulting in a channel avulsion.  The 
channel of the North Fork Skokomish overtopped a levee and connected to an historic channel, 
now entering the mainstem Skokomish River at river kilometer (RKM) 12.9 (river mile (RVM) 
8) (at the mouth of the old Richert Springs inlet), downstream of its previous confluence.   
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Figure 1.  Stream network of the Skokomish Basin along with that portion of the watershed accessible to 
anadromous salmon (i.e., anadromous zone).  Data collection for this project was collected in the anadromous zone 
and the estuary only, with the exception of one macroinvertebrate and periphyton sample collected above Lake 
Cushman on the North Fork Skokomish (see Chapter 9).  Landmarks, marked by triangles include, the Skokomish 
Tribal Center (STC), George Adams Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish 
Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground 
(BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD). 
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The mainstem below the confluence is low gradient (slope less than 0.0024 ft/ft; Bountry 
et al. 2009), when compared to all other sections of the river network, and has an extensive 
floodplain.  However, the river has been hydraulically disconnected from this floodplain in many 
areas, by levees, bank armoring, and channelization (BOR 2007).  Land-use in this section of 
river is primarily agriculture and private residence, including the Skokomish Indian Reservation.  
Significant tributaries of this section of river include Hunter Creek, Weaver Creek, and Purdy 
Creek.  These are mainly spring fed systems that all enter the mainstem between RKM 5.8 
(RVM 3.6) and RKM 12.7 (RVM 7.9) (WDFW and PNPTT 2000). 

The North Fork Skokomish drains approximately 305 km2 (118 mi2), but is impounded at 
RKM 27.7 (RVM 17.3) by the first of two City of Tacoma Dams, which creates the 40 ha (100 
acre) Kokanee Reservoir.  The much larger Cushman Dam is located 2.7 km (1.7 mi) further 
upstream, creating the 1,619 ha (4,000 acre) Cushman Reservoir, which expanded a pre-existing 
natural lake.  An additional 17.7 km (11 mi) of river lies upstream of Cushman Reservoir.  This 
section of river is contained mainly within Olympic National Park and is characterized by steeply 
wooded hillsides and a deeply incised canyon.  The impoundment at Kokanee Reservoir blocks 
anadromous fish passage, while the Cushman Dam has historically diverted approximately 80% 
of the North Fork Skokomish flow directly to Hood Canal.  However, a recent legal agreement 
will initiate trap-and-haul passage for salmon and significantly reduce water diversions to Hood 
Canal (Cushman Project 2009).  One main tributary, McTaggert Creek, joins the North Fork 
Skokomish below Kokanee Reservoir.  Land-use in the North Fork Skokomish consists of 
Olympic National Park, commercial timber production, and limited private residence and 
agricultural use below Kokanee Reservoir. 

The South Fork Skokomish drains an area of approximately 331 km2 (128 mi2) and can 
be broadly characterized into four sections: the lower portion from the confluence up to the 
canyon at RKM 8.0 (RVM 5), the canyon portion which extends from RKM 8 (RVM 5) 
upstream to RKM 16.1 (RVM 10), a wide alluvial valley section from RKM 16.1 (RVM 10) to 
RKM 37.8 (RVM 23.5) and a final canyon which stretches from RKM 37.8 (RVM 23.) another 8 
KM to the headwaters.  The lower portion is characterized by a wide, alluvial valley with 
significant human influence related to residential and agriculture properties.  The canyon section 
is a steep, bedrock dominated gorge that reaches 120 meters deep in places and is only 18 meters 
wide at its narrowest point (TAG 2003).  There are steep cascades within this section (RKM 8.9-
10.5; RVM 5.5-6.5) that have been identified as a barrier to upstream migration for some species 
of salmon (WDF 1957).  The upper valley section is generally unconfined and has a moderate 
gradient (typically, 0.013; M2, 1997).  Land use in this section is dominated by commercial 
timber harvest and associated road building.  The upper canyon is also a steep gradient bedrock 
gorge that lies within Olympic National Park.  The South Fork Skokomish originates in Olympic 
National Park, flows through U.S. Forest Service (USFS) and Green Diamond Resources 
(formerly Simpson Timber) property, and then through agriculture and private residential areas 
(WDFW and PNPTT 2000).  Land-use in this sub-basin is commercial timber harvest, 
agriculture and residential.  Several tributaries enter the South Fork Skokomish including Vance, 
LeBar, Cedar, Pine, and Church Creeks.  The largest tributary to the South Fork Skokomish is 
Vance Creek, entering at RKM 1.3 (RVM 0.8), while the remaining tributaries enter the upper 
portions of the South Fork Skokomish.  These upper Skokomish Basin tributaries are all 
relatively short streams with anadromous gradient blockages generally within the first mile.  The 
exception is Browns Creek which has more than 4.8 km (3 mi) of anadromous habitat. 
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Vance Creek, which enters the South Fork Skokomish at RKM 1.3 (RVM 0.8), has a 
drainage area of 61 km2 (23.8 mi2).  Vance Creek flows through a broad valley with moderate 
gradient for the first 6.4 km (4 mi) and then abruptly steepens until an anadromous barrier (10 m 
falls) at RKM 11.4 (RVM 7.1) (TAG 2003).  Vance Creek originates on USFS land and then 
flows through Green Diamond Resources timber land before entering agricultural and residential 
land.  Land-use in this sub-basin is dominated by commercial timber production. 

Geology 

Bedrock in much of the Skokomish watershed consists of submarine basalt flows dating 
from the Eocene Epoch, approximately 37 to 50 million years ago, which have been uplifted due 
to tectonic plate movement. The uppermost headwaters, however, are underlain by marine 
sedimentary slates, mudstones, and sandstones of similar age, which originally formed part of the 
accretionary wedge associated with the subduction zone.  Superimposed on this bedrock, are 
hundreds of feet of sediments deposited by Pleistocene continental glaciation, which overran the 
Southeast corner of the Skokomish Basin, from the area around Lake Cushman, reaching inland 
from the Hood Canal about 8 miles in the vicinity of Vance Creek. Alpine glaciation, originating 
in the Olympic Mountains, likewise filled portions of the middle and upper watershed with 
glacial sediments. Fluvial erosion during the centuries since the Pleistocene has cut into these 
sediments, creating the broad alluvial valleys of the lower South Fork Skokomish and mainstem, 
and the much narrower alluvial valley comprising the middle portions of the South Fork 
Skokomish. Each of these alluvial segments remain bounded by high terraces of glacial 
sediment, which can be eroded by the river channel where it impinges on the valley sides.  Soil 
depths for the watershed as a whole are generally less than one meter, except in the valleys of the 
lower river, where glaciation and fluvial deposition has accumulated over 30 meters of sediment 
in some places, particularly in the southern portion of the watershed (WDFW and PNPTT 2000).   

Although these glacial processes and the sediments they deposited occurred more than 
14,000 years ago, they are important to understanding how management activities and climate 
change can influence the current river channel.  An excellent description of this relationship is 
described in detail by the Skokomish Tribe and WDFW (2010).  Recently deglaciated landscapes 
go through a paraglacial period which is characterized by unstable conditions that persist until 
glacial sediments are essentially removed from the basin or become stable (Ballantyne 2002).  
The morphology of rivers within this geomorphic setting was historically an interaction between 
valley floor forests composed of large conifer trees and large in-channel logjams, which typically 
created a stable, island-braided river channel (Collins et al. 2003).  Channel avulsions are the 
main mechanism of channel migration in these systems; however, these typically result in the 
main channel re-activating relic channels.  Thus, these systems can attain a relatively stable state 
that will transport the sediment load or even accommodate long-term storage of alluvial sediment 
in the channel migration zone without disruption of its morphological pattern, and can sustain 
complex aquatic habitat in the process.  It is known from studies in similar river systems, 
however, that these systems are sensitive to external perturbations which can re-activate 
paraglacial sediment transport (Ballantyne 2002), resulting in unstable channel conditions and re-
mobilization of floodplain sediment sources.  Perturbations capable of destabilizing the system 
include altered sediment load or hydraulic energy (such as triggered by climate change, forest 
harvest, increased road density, tectonic movements, etc.) or loss of the logjams and large conifer 
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trees that stabilized the floodplain islands and comprised the source for large wood recruitment 
(Skokomish Tribe and WDFW, 2010). 

Climate 

The climate in the Skokomish Basin can be described as a temperate, marine climate with 
wet winters and dry summers.  This climate supports a diverse flora and favors the growth of 
trees (WDFW and PNPTT 2000).  Due to its location on the east side of the Olympic Mountain 
Range, there is a precipitation gradient from the headwaters down to Hood Canal.  The extreme 
upper portions of the watershed receive nearly 304 cm (120 inches) of rain annually, while areas 
near Hood Canal receive approximately 152 cm (60 inches) of rain annually.   

Long-term climate change is underway in the Pacific Northwest, including the 
Skokomish drainage (Mote 2003).  These changes are especially important in watersheds which 
contain headwaters at intermediate elevations commonly known as the transient snow zone.  The 
transient snow zone can shrink appreciably in response to relatively small increases in winter 
temperatures, which alters the pattern of runoff and the severity of peak flows (Cuo et al. 2008).  
This area is relatively large in the Skokomish Basin, which suggests that a relatively large 
change in precipitation from snow to rain has occurred and will likely continue to spread in the 
Skokomish Basin (Knowles et al. 2006), meaning that runoff shifts from spring and summer to 
mid-winter, and that peak flow magnitudes increase.  This change in precipitation type will thus 
subsequently influence sediment transport and channel stability (see below for more details).   

Hydrology 

Historically, sub-basins in the Skokomish River had three different flow regime patterns 
that were directly related to the influence of snowmelt, including strong, weak, and no snowmelt 
influence (Skokomish Tribe and WDFW 2010).  These varied flow regimes combine to provide 
the flow regime of the Skokomish Basin as a whole.  Historically, peak runoff in the watershed 
occurred during the winter when precipitation is at its highest and a second, smaller peak 
occurred during the spring as mountain snow melted.  The South Fork Skokomish and Mainstem, 
however, do not display this bimodal pattern of runoff, showing significant peaks only in only 
the winter season (England, 2007).  Flows declined after the spring snowmelt reaching base 
flows in August or September.  A peak flow of 36,600 cfs was observed on November 23, 1990 
(USGS 2008) and base flows in the mainstem are approximately 205 cfs, based on 90% 
exceedence values from 1943-2008.  However, lower sections of both the South Fork Skokomish 
and Vance Creek, where sediment aggradation has occurred, often go dry during summer base 
flow. 

The current flow regime varies considerably from this historic regime (Skokomish Tribe 
and WDFW 2010).  The primary peak runoff still occurs during the winter and flows still decline 
to base flows in August or September.  However, the magnitude of the second spring runoff 
appears to be decreasing both in the South Fork Skokomish and North Fork Skokomish (above 
Cushman), and is completely absent below the two dams in the North Fork Skokomish (England 
2007).  This could be the result of changes in forest cover resulting from historic intensive 
logging in the watershed (South Fork Skokomish) or long-term climate change (Cuo et al., 2009; 
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Skokomish Tribe and WDFW 2010).  Climate change appears to be the primary factor 
influencing hydrology (Skokomish Tribe and WDFW 2010), since the regime has shifted in both 
sub-basins, and little logging has occurred in the North Fork Skokomish above Lake Cushman 
(the gauge used for this assessment by Cuo et al.).  The influence of climate change on 
hydrologic patterns may include higher annual maximum, fall, winter and early spring 
streamflow, but lower summer flow (Cuo et al. 2009, Mantua et al. 2010).   Reductions in base 
flows from historic levels have been observed in the Skokomish Basin (Skokomish Tribe and 
WDFW 2010).  

Peak discharges in the Skokomish Basin appear to be changing from historic values, 
although the available reports must be interpreted carefully.  As mentioned above, climate 
change models predict increases in peak discharges in the Skokomish Basin.  However, peak 
discharges are reduced from historic values in the mainstem Skokomish River due to water 
diversions at the Cushman dam (The Skokomish Tribe and WDFW 2010).  England (2007) 
reports that there is an increasing trend in maximum flows in the North Fork Skokomish (1925-
2006, 1967-2006) above the dams and in the mainstem Skokomish River (1944-2006, 1976-
2006), which has recorded flows during the diversion period due to dam operation.  Peak flow 
trends in the gage on the South Fork Skokomish are more difficult to discern due to its much 
shorter period of record (England 2007).  These increasing trends in peak flow magnitude are 
evident in many stream gage records throughout Washington, including the Skykomish, 
Duckabush, Dungeness (England, 2007) and Stehekin Rivers (Bakke, 2009).  

Regardless of how peak flows have changed from historic levels, it is quite clear that the 
channel‟s ability to convey those discharges has been reduced relative to historic values.  
Historic channel capacity at the HWY 101 Bridge was 13,000 cfs, but is currently approximately 
4,100 cfs (Bountry et al. 2009).  This is equivalent to a 1.1 year event and has a 90% chance of 
being exceeded during a given year (USACE 2010).  Overbank flows occur at even lower 
discharges of only 2,500 cfs downstream of the HWY 101 Bridge (Karl Erickson, USACE, 
personal communication).  Thus, channel capacity appears to be less than one-third of historic 
values, thereby increasing the frequency of overbank flow in the valley. 

Disturbance Regime 

Disturbance in the watershed can be categorized as either natural or anthropogenic 
(human influenced).  The influence of these disturbances on the watershed will be determined in 
large part by the geology and hydrology of the system.  The primary natural disturbances in the 
Skokomish watershed include flooding, mass wasting, fire, windthrow, insects and disease, non-
native invasive plant species, and climate change.  Each of these natural disturbances can result 
in increases in the other natural disturbances to some degree.  However, climate change has the 
potential to influence the frequency and intensity of all of these natural disturbances (i.e., by 
influencing temperature and hydrology).   

Mass wasting events and flooding are caused by a combination of physical attributes of 
the watershed, such as its topography and soil composition.  The steep slopes of the upper 
Skokomish Basin, level of precipitation, relatively large size of the transient snow zone, and 
shallow soils, result in slopes that are prone to mass wasting events and flooding.  These natural 
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disturbances have also been exacerbated by anthropogenic influences, which are discussed in 
more detail later.   

Fires have always influenced the Skokomish watershed (USFS 1995, ME2 
Environmental Services 1997).  The last large fire occurred in 1834, which burned 
approximately 4% of the watershed (1,102 ha; 2,500 acres).  An extremely large fire hasn‟t 
occurred in the Skokomish Basin since approximately 1701, when about half (13,759 ha, 34,000 
acres) the watershed was burned.  It appears that large fires occurred approximately once every 
200 years prior to the 1701fire (USFS 1995, ME2 Environmental Services 1997).  It‟s likely that 
stable watershed processes and associated channel conditions occurred between these fires and 
that this stability was not impacted greatly by the fire in 1834.  Current fire management in the 
watershed varies depending on land ownership.  Naturally occurring fires within Olympic 
National Park are monitored but not actively extinguished by fire crews.  All fires occurring on 
the Olympic National Forest, on the other hand, are extinguished as soon as possible (USFS 
1995).   

There have been a number of different human impacts in the watershed, which vary with 
regard to the location where they occur.  Logging and associated road building has occurred 
throughout the watershed, except within the boundaries of Olympic National Park.  Other human 
impacts, which have been more common in the lower mainstem, include land conversion from 
forest to agriculture, removal of large wood from the channel, estuarine diking, riverine levee 
construction, dredging and channelization, and general development, which all combine to 
reduce floodplain connectivity.  Two dams constructed on the North Fork Skokomish have 
altered the rivers hydrology and block anadromous fish passage.  In addition, there are three fish 
hatcheries in the lower watershed, George Adams, McKernan, and Eels Springs.      

Interaction of Physical Characteristics and Processes 

The interaction of various physical characteristics and processes in the watershed has 
resulted in the main factor that limits habitat for both adult and juvenile salmon (and people) in 
the watershed: channel aggradation, or an increase in the overall sediment in the river channel, 
with its associated syndrome of morphological characteristics and changes to channel processes.  
Channel aggradation causes a host of problems affecting salmonid habitat.  In this section, we 
will provide a brief overview of the factors which have contributed to aggradation, as a prelude 
to discussing its effects on salmonid habitat.  To provide perspective, we will summarize the 
historic narrative of anthropogenic modifications to the watershed, and include a brief discussion 
of the sensitivity of a river channel in this geomorphic setting to alterations of the physical 
processes that determine channel structure, function, and stability.  

Hypotheses for triggering aggradation and increased flooding in the Skokomish River 
commonly fall into the following six categories (Bountry et al., 2009; Skokomish Indian Tribe 
and WDFW, 2010): 

1. Rapid deforestation in the form of clearcut logging, resulting in an increased sediment load; 

2. Removal of large wood pieces and logjams, and clearing of riparian zone old-growth forest, 
resulting in conversion of an island-braided system to a less-stable braided system, triggering 
release of stored floodplain sediments; 
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3. Reduction in flow from the North Fork Skokomish due to the operation of Cushman dam, 
resulting in reduced sediment transport capacity in the lower mainstem; 

4. Channelization of the river channel using riprap, crib structures, cabled logs, and removal of 
large wood, resulting in temporary improved hydraulic capacity, but reduced sediment 
transport efficiency; 

5. Confinement of the channel by levees, resulting in backwatering of some areas, translation of 
depositional zones in a downstream direction, in-channel deposition of suspended sediments 
in low gradient areas, and loss of storage of coarse sediments in secondary channels; 

6. Hydraulic constrictions of flow at bridge crossings, causing back watering and loss of 
sediment transport capacity. 

Unfortunately, although each of these mechanisms is physically plausible and contributes 
to varying degrees, there is no professional consensus among the various people who have 
studied physical processes in the Skokomish River as to which of these hypothesized 
mechanisms are more important than others (Bountry et al., 2009). This is unfortunate because 
without clear understanding of the mechanisms for aggradation, we are less likely to be able to 
come to a consensus on which management solutions will be the most effective. What is 
indisputable, however, is that the river is aggrading (Stover and Montgomery, 2001), and at rates 
higher than those which could have existed for any extended period of time in the past.  For 
example, at the U.S. Geological Survey (USGS) gaging station at the HWY 101 Bridge, Stover 
and Montgomery documented an aggradation rate of 1.3 meters over the 32 year period from 
1965 to 1997, a rate of 0.4 meters per decade.  The six mechanisms discussed above that may 
potentially be influencing this aggradation are discussed below.   

Rapid deforestation in the form of clearcut logging is perhaps the most often cited 
mechanism for causing the observed changes in the lower Skokomish River.  Logging activities 
in the upper South Fork Skokomish Basin and in Vance Creek have been documented to increase 
the rate of mass wasting events in the portion of the watershed that has been harvested by a 
factor of 3.1 (ME2 Environmental Services,  1997), from 1.1 to 3.4 events per km2, during the 50 
year period from 1946 to 1995.  Mass wasting volumes contributed to the river during this time 
period by landslides associated with forest practices were estimated to be about 229,000 m3, not 
including the large amounts of sediment input associated with the edges of fluvio-glacial terraces 
in middle portions of the watershed which were not mapped, but which could have been 
destabilized as a result of increased sediment input from harvest-related mass wasting, from 
logging of riparian trees, or removal of logjams. 

This documented increase in the rate of mass wasting in the watershed, considered 
together with the rapid pace of forest harvest that occurred when much of the watershed was 
managed under the Shelton Cooperative Sustained Yield Unit, and the accelerated harvest that 
occurred in the early 1950s when the area was proposed to become inundated by a third 
hydropower dam reservoir, has led several previous researchers to conclude that extensive 
logging and its associated road building, mainly in upper portions of the South Fork Skokomish 
(SF) and Vance Creek sub-basins, is the main cause of increased sediment loads to the river 
channel (Canning et al. 1998; KCM 1993, 1997; Stover and Montgomery 2001).  Indeed, 
approximately 60 to 80% of the South Fork Skokomish drainage basin has been harvested and 
thousands of miles of roads and railroad lines have been built (Canning et al. 1988; KCM 1993).  
As a whole, the Skokomish watershed has experienced over 600 mass wasting events over the 
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last 50 years.  Sixty-five percent (65%) of these events were associated with the road network, 
and presumably would not have occurred in the absence of forest management (ME2 
Environmental Services 1997).  Generally speaking, road densities are higher in the lower 
watershed, but these are found on lower gradient slopes and at least a portion of them are paved, 
reducing the potential for them to release sediment into the river channel.  Upper watershed 
tributaries have an average of about 2.8 km of road per km2 (km/km2) of watershed (4.5 mi/mi2) 
while the middle and upper South Fork Skokomish have about 1.55 km of road km2 of watershed 
(2.5 mi/mi2) (Correa 2003).  These are much higher values than observed in the nearby 
Duckabush and Hamma Hamma watersheds with road densities of 0.37 and 0.87 km/km2, 
respectively (WDFW and PNPTT 2000). 

Although significant amounts of additional sediment has entered stream channels as a 
result of the exacerbated mass wasting and logging activities in this system, it is unclear how 
much this has contributed to aggradation in the lower river.  ME2 Environmental Services (1997) 
used aerial photos to estimate changes to the surface area of active channel and unvegetated 
terraces in five alluvial reaches over the period from 1929 to 1997, and detected and increasing 
trend in the three reaches located in the middle and upper South Fork Skokomish. They then 
went on to assume that these changes in unvegetated surface represent increases in active 
channel sediment storage, from which they could compute the storage volume change and 
compare it to the sediment input rate from mass wasting processes as well as an estimate of 
sediment transport derived from extrapolation of the bedload model (Simons and Associates, 
1994).  With these assumptions, they concluded that the sediment volume inputs from mass 
wasting represented only a small proportion (about 10 percent) of the change in active channel 
storage, the rest presumably coming from unmapped erosion and mass wasting associated with 
the glacio-fluvial terraces bounding the river.  They further concluded that the estimated 
residence time for sediment stored in these depositional reaches was relatively long, on the order 
of 40 to 160 years for the two upper South Fork Skokomish reaches, which was too long for it to 
have influenced the current aggradation processes in the lower mainstem.  

However, their methodology provides no means to check their assumptions.  In 
particular, the assumed relationship between unvegetated area and sediment storage, and the 
relationship between presumed changes in storage and volume of sediment transported are highly 
uncertain, since no systematic measurements of streambed elevation were taken for comparison.  
Nor are there sediment transport measurements for the reaches in question to calibrate or confirm 
the transport model, which is in dispute (Watson, 1996). These considerations lead to an 
alternative interpretation of this analysis, which is that the increase in unvegetated area may 
better represent erosion than sediment in storage (deposition), in which case, two conclusions 
follow (Skokomish Indian Tribe and WDFW, 2010):  

o that the increased mass wasting sediment input during the mid to late twentieth century, 
which is directly attributable to forest harvest and associated road building, was sufficient to 
massively destabilize the channel in these alluvial reaches along the South Fork Skokomish, 
releasing volumes of sediment from floodplain storage in quantities much larger than the 
volume which originally triggered the destabilization (a “knock-on” or cascading effect, in 
geomorphic terms); and, 

o that significant portions of this eroded sediment volume may have been transmitted 
downstream. 
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In other words, the mass wasting triggered a threshold response, causing channel 
destabilization, which produced positive feedback in the form of additional sediment input, and 
was transmitted on downstream as a “knock-on” effect or cascading response.  Whether this is 
the major cause of aggradation in the lower South Fork Skokomish and mainstem, however, 
remains undetermined. 

This leads naturally to consideration of the next possible mechanism for aggradation, 
which is that removal of large wood pieces and logjams, and clearing of riparian zone old-growth 
forest, resulted in conversion of an island-braided system to a less-stable braided system, 
triggering release of stored floodplain sediments.   

Large wood input and retention as logjams can influence channel form as significantly as 
both sediment and hydraulic inputs (Montgomery et al. 2003).  The island-braided channel type, 
in which main and secondary channels are separated by stable, vegetated islands observed in 
some river systems is thought to evolve in sediment-rich systems in the presence of logjams (i.e., 
Collins and Montgomery 2002; Abbe and Montgomery 2003).  In addition, logjams can be 
important in the development of floodplains (Abbe and Montgomery 2003) and in limiting bank 
erosion (Abbe and Montgomery 2003; O‟Connor et al. 2003).  Changes in the amount and the 
size of wood in a river can have similar impacts to changing sediment inputs or discharge 
patterns (Montgomery et al. 2003).  Removal of large logjams has resulted in significant channel 
widening in other systems (Triska 1984; Brooks and Brierley 2000).  Although removal of 
logjams initially increases the sediment transport capacity (Harvey et al. 1988; Brooks and 
Brierley 2000), if the ensuing bank erosion leads to a wider channel, and the concurrent drop in 
surface water elevation leads to reduced side channel activation, the end result is a system with 
lower sediment transport capacity (Huang and Nanson, 2007), setting the stage for aggradation. 

There is evidence from early descriptions and early aerial photos that the South Fork 
Skokomish River flowed through a dense old-growth coniferous forest, that its channel was 
relatively narrow compared to current conditions, and that large logjams were a significant 
feature (Skokomish Indian Tribe and WDFW, 2010).  The Skokomish Indian Tribe and WDFW 
(2010) hypothesize that the watershed and its associated channels were in a relatively stable 
condition prior to Euro-American settlement.  The upper South Fork Skokomish alluvial valley 
above the South Fork Skokomish canyon, Vance Creek floodplain below the Vance Creek 
canyon, lower South Fork Skokomish below the South Fork Skokomish canyon and the lower 
mainstem are hypothesized to have consisted of stable river channels, side channels, and relic 
channels.  These channels were thought to be separated by islands vegetated with mature forests 
and to contain numerous logjams, some of which were very large.  This hypothesis is supported 
by early land surveys (Figure 2).  The Skokomish River system, like most Olympic Peninsula 
rivers, is sediment rich, and had adjusted itself into an equilibrium morphology that 
accommodated the presence of large wood while efficiently transporting its sediment load.  This 
morphology was likely an island-braided or anabranching system (Huang and Nanson, 2007), 
perhaps functionally similar to that described by Collins et al. (2003) for other Puget Sound 
rivers such as the lower Nisqually. 
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Figure 2.  Example of the stable vegetated islands hypothesized to exist in the upper South Fork 

Skokomish, lower South Fork Skokomish below the Canyon, lower Vance Creek below the Canyon, and lower 
mainstem just below the North Fork Skokomish confluence.  This map shows a vegetated island approximately one 
mile downstream of the canyon on South Fork Skokomish River (General Land Office) GLO Surveyor map from 
July 1875).  The canyon is located at the top of the map with Vance Creek shown at the bottom of the map 
(Modified from Skokomish Indian Tribe and WDFW 2010). 

 

Vegetated Island 
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These island-braided river systems are capable of storing large volumes of sediment in 
their islands and floodplains, and depend on an intact riparian forest and large, somewhat stable 
log jams for their overall channel stability.  Removal of the logjams alters the partitioning of 
hydraulic energy in such a way as to cause increased bank erosion and channel instability, which 
can lead to export of stored sediment from the reach.  Removal of riparian trees hastens the 
process of destabilization, such that the net effect of land clearing and channel cleaning can be a 
massive release of stored sediment, as described by Ballantyne (2002).  As the channel widens 
through bank erosion, its capacity to transport sediment becomes reduced over what it was with 
multiple channels with lower width to depth ratios (Huang and Nanson, 2007), and it begins to 
aggrade.  Several investigators have concluded that this phenomenon may be responsible for the 
current condition of the lower South Fork Skokomish and mainstem Skokomish Rivers. 

This island braided morphology may have been common in sediment-rich areas such as 
the Skokomish Valley where stream gradient is decreasing in a downstream direction, with 
resulting decrease in stream power and sediment transport capacity.  The steady decrease in 
gradient as you move from the mountains toward the marine environment is common to most 
western Washington Rivers.  However, these systems apparently transported sediments 
efficiently with stable morphology prior to human manipulation.  Downstream decreasing 
gradient is associated with transitions in morphology, which include changes in channel type 
(i.e., from a plane-bed or forced pool-riffle to island-braided morphology, Collins et al. 003), 
cross-sectional shape or area, substrate type, and bedload composition.  The island braided 
morphology seems to be a transitional type that occurs where the sediment load is dominated by 
coarse bedload, and sediment storage as relatively stable islands and bars is occurring over long 
time scales (decades to centuries).  Downstream from island braided reaches, it would be 
expected to encounter a meandering pool-riffle channel type with finer-textured bedload and 
with suspended load dominating the sediment yield (Beechie et al., 2006).  However, in the 
Skokomish, as in some other Western Washington rivers, that latter transition never occurs, but 
rather the coarse-bedded morphology extends all the way to where the river transitions into a 
deltaic setting (Bountry et al., 2009). 

Reduction in flow from the North Fork Skokomish due to the operation of Cushman dam, 
resulting in reduced sediment transport capacity in the lower mainstem is another factor often 
cited as cause for aggradation (Orsborn 1991a; Jay and Simenstad 1996; Stover and Montgomery 
2000).  For periods of time following the construction of the dams in 1930, the entire flow of the 
North Fork Skokomish was diverted directly into Hood Canal (Wampler 1980) through the 
penstocks of the Potlatch Power plant.  More recently, Orsborn (1991a) reported that average 
monthly flows in October to March were reduced by 78 to 83%, while monthly average flows in 
the April to September period were reduced by 90 to 96%.  More importantly, from a sediment 
transport standpoint, 2 and 50 year flood peak discharges have been reduced by 80% and 74%, 
respectively.   

Channelization (straightening) of the river channel using riprap, crib structures, cabled 
logs, and removal of large wood, resulting in temporary improved hydraulic capacity, but 
reduced sediment transport efficiency is the next mechanism of interest.  When a channel is 
straightened to increase flood conveyance, it is usually widened as well.  This tends to improve 
hydraulic capacity, but actually reduces the sediment transport capacity over that of a more 
sinuous channel with a deep thalweg, a lower width to depth ratio, and the presence of secondary 
currents along the bed and banks that keep sediment mobilized.  Channelization of the 
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Skokomish Basin began in the 1930s.  At least four locations are thought to have been 
straightened, including the lower South Fork Skokomish just downstream of the canyon, just 
downstream of the Vance Creek confluence, the mainstem just below the old North Fork 
Skokomish confluence and the Church levee, and between HWY 101 and State Route (SR) 106.  
Due to the lack of information about the level of channelization it is impossible to quantify the 
impacts of this activity.  However, sediment transport would likely have been reduced and edge 
habitat for juvenile salmon was certainly reduced. 

Confinement of the channel by levees, resulting in backwatering of some areas, 
translation of depositional zones in a downstream direction, in-channel deposition of suspended 
sediments in low gradient areas, and loss of storage for coarse sediments in secondary channels 
is the next most commonly referenced cause of aggradation in the mainstem Skokomish River 
(Bountry et al. 2009).  Levees that cause river channel or flood plain constrictions can cause a 
backwater pool to form upstream of the constriction (Bureau of Reclamation (BOR) 2002), 
which would result in slower velocities and subsequent sediment deposition in the backwater 
zone (i.e., local aggradation).  This local aggradation would reduce channel gradients upstream, 
further impacting sediment transport.  By contrast, the initial constriction caused by the levee 
may actually increase local sediment transport capacity.  However, this increased capacity will 
also be relatively local in nature and may result in the relocation of sediment deposits.  For 
example, if the levee acts as a constricting “conduit” between an area of relatively higher 
gradient and a reach downstream where the gradient is less, the levee can cause translation of a 
depositional area in a downstream direction, where coarse sediment that would have been 
deposited upstream may then be transferred and deposited further downstream than it otherwise 
would have been. Levees isolate the river from its floodplain, which removes some potential 
deposition zones for coarse sediment, such as side channels, from the system.  As the river 
approaches its estuary, suspended sediment may begin to deposit on the channel bed instead of 
spreading out over the floodplain as would happen without levee confinement.  Levee 
construction can increase stage height during floods due to the complex interaction between 
channel roughness, deposition, and reduction in floodplain connectivity (Pinter et al. 2000; BOR 
2002; Remo and Pinter 2007).  

In the Skokomish Basin, levees have been constructed from the confluence of the South 
Fork Skokomish with Vance Creek all the way down to Hood Canal (Figure 3).  The 
construction of these levees on the mainstem Skokomish River coincides with the beginning of 
main channel aggradation documented by Stover and Montgomery (2001).  Reviewing this 
information suggests that the greatest impacts of levee constricting the channel and/or floodplain 
occur at four locations including, Nalley Island, near the old North Fork Skokomish confluence, 
just downstream of the Church dike, and the HWY 101 roadway across the Skokomish 
floodplain.  Figure 3 shows the location of current levees and levees/dikes that have been 
removed; 

Hydraulic constrictions of flow at bridge crossings, causing back watering and loss of 
sediment transport capacity, is the final mechanism of interest.  Narrow bridges or those with fill 
used for the bridge approaches, can have impacts similar to those described above for levees.  
These bridge features can constrict the channel, isolating the river from its floodplain and side 
channels, and resulting in backwatering upstream of the bridge and the subsequent deposition of 
sediments (BOR 2002).  There are currently four channels in the lower Skokomish River valley 
with bridge crossings, including from north to south, the Skokomish River overflow channel, 
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mainstem Skokomish River, Weaver Creek and Purdy Creek (West Consultants, Inc. 2006).  
Two other bridges occur, one on Vance Creek, upstream of the HWY 101 bridges and one 
downstream on the Skokomish River serving SR 106.  These bridges appear to have been first 
built in the 1930s (Table 1).  Several of these bridges were rebuilt in the 1970s and 1980s.  
LiDAR clearly show that floodplain fill has been used to provide approaches for these four 
bridge (Figure 4).  Many of these bridges are narrow openings relative to the channel width of 
the channels they cross and have resulted in at least some backwatering in the Skokomish Valley 
during flooding.  For example, water has backed up behind the Highway 101 Bridge and SR 106 
Bridge during floods (Bountry et al. 2009).  In 2009, the 110 ft. span over Purdy Creek was 
replaced in 2009 with a 350 ft. span.  Increasing the size of this single span is expected to 
generally decrease backwatering upstream of all four HWY 101 bridges (West Consultants, Inc. 
2006).   

Each of the factors discussed above could potentially be impacted by climate change.  
Climate change has been a continuous occurrence throughout the history of the world.  However, 
current climate change appears to have been accelerated by human activities (Climate Impacts 
Group 2009).  Climate change can influence the intensity and timing of precipitation, alter 
contribution ratio of rain and snow, alter vegetation cover, increase sea level (Goudie 2006) and 
alter disturbance regimes (Climate Impacts Group 2009).  These factors can in turn alter 
sediment transport capabilities of the river and material input (i.e., sediment, LWD).  These 
changes could be significant enough to further destabilize the channel.  Sea level rise would 
impact the Skokomish delta by increasing base level elevation, resulting in potentially greater 
reductions in sediment transport capabilities in the lower river.  In contrast to other natural 
disturbances (i.e., fires, extreme floods), which occur over short periods (usually less than 
weeks), climate change occurs over long time periods and is more similar to long-duration 
anthropogenic disturbances (i.e., logging) (Bakke 2009).  Although change occurs over a longer 
timeframe, sudden changes in the associated physical processes may occur as some threshold is 
reached (i.e. hydrologic inputs sufficient to cause mass wasting), thereby having an immediate 
impact to aquatic habitat.  In addition, these long-term changes can result in long term instability 
relative to more sudden impacts.  Although climate change has influenced peak flows in other 
basins, it‟s unclear if these same changes have occurred in the Skokomish River (England 2007).  
As discussed above under the „hydrology‟ sub-section, there are some indications that peak 
discharges and trends in peak discharges have increased in some parts of the watershed but not 
others.  Although summer low flows are reduced relative to historic values, these could be the 
result of sediment aggradation in the lower South Fork Skokomish, lower Vance Creek, and 
mainstem as well as flow reductions resulting from diversion of flows from the North Fork 
Skokomish.  Based on this information, it appears that climate change has had a minimal impact 
on sediment inputs and hydrology of the Skokomish Basin. 

In conclusion, the combination of the physical nature of the Skokomish Basin as a 
sediment rich system; increased sediment inputs resulting from land clearing and logjam 
removal; and reduced hydraulic capabilities resulting from water diversion, river and floodplain 
constrictions (i.e., levees and bridges) has resulted in too much sediment entering the river 
channel and has reduced the rivers hydraulic energy to remove the sediment, thereby resulting in 
channel aggradation.  Whether the resulting aggradation is primarily the result of increased 
sediment input or reduced inability of the river to transport this sediment is unclear.  Changes in 
either sediment inputs or sediment transport capabilities would result in aggradation and thereby 
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influence the other factor through positive feedback.  Regardless of the cause, this increased 
sediment deposition in the river channel increases the frequency of flooding, which negatively 
influences humans and fish habitat.  In addition, increases in flooding frequency results in a host 
of natural and anthropogenic responses which generally adversely affect juvenile salmon rearing 
habitat.  It is also quite clear that both increased sediment inputs and decreased hydraulic 
capabilities of the system need to be addressed to reduce flooding in the Skokomish Basin and 
improve fish habitat. 

Table 1provides a summary of the timeline of natural and human induced events that may 
have influenced the processes leading the hypotheses regarding channel aggradation and habitat 
in the Skokomish Basin.  This table was modified from Skokomish Indian Tribe and WDFW 
(2010).  These events can generally be classified as climate change, land clearing, logjam 
removal, floodplain constriction, channelization, water withdrawal, and restoration.  Each of the 
disturbances listed have the potential to re-activate paraglacial processes (Ballantyne 2002), 
which would result in channel instability.  
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Table 1.  Timeline of natural and human induced events that have influenced factors affecting channel stability and fish habitat in the Skokomish Basin.  
The decade when the event occurred, a summary of the event, the factor influenced (i.e., sediment input, hydrology), and the likely impact of the alteration are 
listed.  Modified from a similar table (Table 4.38) in Skokomish Indian Tribe and WDFW (2010). 

Decade Event Factor Influenced Likely Impact 
~14,000 
BP 

Glacial recession in the Skokomish Basin   

<1850 Only minor alterations of watershed by 
humans exist; homeland of Twana people 

None None 

1850 Euro-Americans begin settling lower 
Skokomish floodplain 

Sediment and 
Large Wood 
(LWD) input 

Minimal reduction in bank stability and LWD input 

1860 Land clearing and agriculture 
development of lower Skokomish 
floodplain 

Sediment and 
LWD input 

Minimal reduction in bank stability and LWD input 

1870 Land clearing and agriculture 
development of lower Skokomish 
floodplain 

Sediment and 
LWD input 

Minimal reduction in bank stability and LWD input 

1880 Continued agricultural development of 
lower Skokomish floodplain  

Sediment and 
LWD input 

Increased sediment input due to erosion in the lower river, 
reduced LWD inputs in the lower river 

1880 Beginning of industrial logging in lower 
valley 

Sediment and 
LWD input 

Increased sediment input due to erosion in the lower river, 
reduced LWD inputs in the lower river 

1890 Logging of lower valleys, logjam 
clearing, log driving; farm development 
continued 

Sediment and 
LWD input 

Impacts sediment and LWD inputs.  These events likely 
resulted in substantial increases in sediment input due to 
erosion in the lower river, LWD inputs perhaps similar to 
historic level due to increased erosion, but logs not 
allowed to accumulate 

1900 Logging of lower valleys Sediment and 
LWD input 

Likely substantial increases in sediment input due to 
erosion in the lower river, LWD inputs perhaps similar to 
historic level due to increased erosion, but logs being 
actively removed 
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Decade Event Factor Influenced Likely Impact 
1900 Logjam clearing Sediment input, 

sediment 
transport, channel 
stability 

Likely substantial increases in sediment input due to 
erosion in the lower river, LWD retention and bank 
stability reduced, channel evolution from island braided to 
braided underway 

1900 Log driving Sediment input, 
sediment 
transport, channel 
stability 

Likely substantial increases in sediment input due to 
erosion in the lower river, LWD retention and bank 
stability reduced, channel evolution from island braided to 
braided underway 

1900 Farm development continued Sediment input 
and LWD input 

Likely substantial increases in sediment inputs due to  
erosion in the lower river, LWD inputs perhaps similar to 
historic level due to increased erosion but logs actively 
removed 

1910 Extensive logging of lower North Fork 
Skokomish (NF) on Pope and Talbot 
lands 

Sediment input 
and LWD input 

Likely substantial increases in sediment input due to 
erosion in the lower river, LWD inputs perhaps similar to 
historic level due to increased erosion but logs actively 
removed 

1910 SR 106 (old State Road 21 and 14) Hydrology Reduced floodplain conveyance of flood flows due to 
hypothesized fill for bridge abutments.  This likely 
reduced sediment transport above the bridge resulting in 
increased sediment deposition. 

1920 Construction of Cushman dams; 
diversion of NF flow out of the 
Skokomish Basin at Cushman Dam No. 2 
in 1930 

Hydrology Sediment transport capabilities of the North Fork 
Skokomish and mainstem river are reduced resulting in 
aggradation in the mainstem Skokomish which further 
limits sediment transport capabilities 

1930 Clearcut logging begins on USFS lands 
in the SF 

Sediment input 
and LWD input 

Likely substantial increases in sediment input due to 
erosion in the lower river, LWD inputs perhaps similar to 
historic level due to increased erosion in the upper South 
Fork Skokomish 

Table 1. Continued 
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Decade Event Factor Influenced Likely Impact 
1930 Extensive diking within river delta for 

farm development 
Hydrology Reduced floodplain conveyance for floodwaters, resulting 

in backwatering upstream of dikes likely causing sediment 
deposition upstream.  Reduced sediment storage on delta 
islands, increased sediment storage on the delta prism 

1930 Channel channelization/straightening Hydrology Reduced sediment transport capabilities 
1930 River channel gravel mining Sediment inputs Reduced channel sediments.  Likely resulted in local head 

cutting along with potential bed and bank scour, channel 
destabilization 

1930 HWY 101 bridges built at Purdy Cr., 
Weaver Cr., north Skokomish overflow 
channel 

Hydrology Reduced conveyance for floodwaters, backwatering and 
sediment deposition upstream of the bridge 

1930 Evidence of aggradation Sediment input Likely increase in bank erosion  

1940 Creation of Shelton Cooperative 
Sustained Yield Unit (CSYU) Agreement 
on Simpson Timber and USFS lands in 
the South Fork (SF) Skokomish (1946); 
logging accelerates 

Sediment and 
LWD input, 
hydrology 

Increased mass wasting in upper reaches, triggering 
channel instability and sediment inputs in alluvial reaches 
along South Fork Skokomish and Vance Creek, as well as 
increased frequency of moderate flood peaks in the South 
Fork Skokomish 

1940 Lower mainstem aggrades 1.5 ft (0.46 m) Hydrology Likely increase in bank erosion and decreased channel 
habitat diversity 

1950 Clearcutting in SF anticipating 
hydroelectric project 

Sediment and 
LWD input, 
hydrology 

Reduced slope and bank stability results in increased mass 
wasting and sediment inputs, reduced wood recruitment,  
increased flood peaks in the South Fork Skokomish 

1950 Logjam removal in SF and other streams 
in anticipation of an additional  
hydroelectric project 

Sediment input Reduced bank stability, release of sediments from 
protected islands and from upstream accumulations 

Table 1. Continued 
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Decade Event Factor Influenced Likely Impact 
1950 Diking in Vance Creek and lower river Hydrology Reduced sediment transport capabilities upstream of the 

artificial constrictions due to backwatering, reduced 
floodplain and side channel storage of sediment and 
increased retention of sediments in the channel 

1950 Variable aggradation in lower river  Hydrology Likely increase in bank erosion and decreased channel 
habitat diversity due to ongoing aggradation 

1960 Extensive development of dikes Hydrology Reduced sediment transport capabilities upstream of the 
artificial constrictions due to backwater effects, reduced 
floodplain and secondary storage of sediment and 
increased retention of sediments in the channel 

1960 Accelerating road building and logging in 
the CSYU 

Sediment and 
LWD input, 
hydrology 

Increased mass wasting and sediment inputs, triggering 
channel instability and mobilization of floodplain 
sediments; reduced wood recruitment due to riparian zone 
logging, ,  increased frequency of flood peaks in the South 
Fork Skokomish 

1960 Evidence for increased aggradation in 
lower river. 

Hydrology Likely increase in bank erosion and reduced channel 
habitat diversity 

1970 Dike and revetment system lengthened 
and repaired 

Hydrology Reduced sediment transport capabilities upstream of the 
artificial constrictions due to backwater effect , reduced 
floodplain and secondary channel storage of sediment and 
increased retention of sediments in the channel 

1970 Road building and logging in CSYU 
occurring at high rates 

Sediment and 
LWD input, 
hydrology 

Increased mass wasting and sediment inputs, triggering 
channel instability and mobilization of floodplain 
sediments; reduced wood recruitment due to riparian zone 
logging; increased frequency of flood peaks in the South 
Fork Skokomish 

Table 1. Continued 
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Decade Event Factor Influenced Likely Impact 
1970 HWY 101 bridge at Weaver Creek re-

built 
Hydrology Unknown.  It's unclear if this resulted in increased or 

decreased conveyance (i.e., additional, wider bridge, or 
new additional smaller bridge?) 

1980 Rapid logging of CSYU continues to 
early 1980s, then declines later in the 
decade 

Sediment and 
LWD input, 
hydrology 

Increased mass wasting and sediment inputs, triggering 
channel instability and mobilization of floodplain 
sediments; reduced wood recruitment due to riparian zone 
logging; increased frequency of flood peaks in the South 
Fork Skokomish 

1980 Dike structural repairs and additions to 
various structures made 

Hydrology Reduced sediment transport capabilities upstream of the 
artificial constrictions due to backwater effects; reduced 
floodplain and secondary channel storage of sediment and 
increased retention of sediments in the channel 

1980 Timber-Fish-and-Wildlife (TFW) 
agreement signed 

Sediment input 
and Hydrology 

Streambank and hill slope stability likely begin to 
improve, peak flow impacts likely begin to reduce as well 

1980 3.2 ft (0.98 m) of aggradation since 1969 
measured at HWY 101 

Hydrology Likely increase in bank erosion and reduced channel 
habitat diversity 

1980 HWY 101 bridges over the Skokomish 
and SR 106 bridge rebuilt 

Hydrology Unknown.  It's unclear if the bridge is wider and if 
additional floodplain filling occurred. 

1990 Logging on USFS lands in SF reduced 
significantly then essentially stopped 
(mid 1990's) 

Sediment input 
and Hydrology 

Streambank and hill slope stability likely begin to 
improve, peak flow impacts likely begin to reduce as well 

1990 Watershed restoration activities begin on 
USFS lands.   

Sediment input 
and Hydrology 

Streambank and hill slope stability likely begin to 
improve, peak flow impacts likely begin to reduce as well 

1990 Extensive logging of second growth on 
Simpson lands 

Sediment input 
and Hydrology 

Impacts to sediment inputs and hydrology likely reduced 
compared to historic impacts 

Table 1. Continued 
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Decade Event Factor Influenced Likely Impact 
1990 Forest and Fish Law enacted (1999) Sediment input 

and Hydrology 
Streambank and hill slope stability likely begin to 
improve, peak flow impacts likely begin to reduce as well 

2000 Logging of second growth timber on 
Simpson lands 

Sediment input 
and Hydrology 

Impacts to sediment inputs and hydrology likely reduced 
compared to historic impacts 

2000 Continued evidence for aggradation Hydrology Likely increase in bank erosion and reduced channel 
habitat diversity 

2000 Restoration work in upper SF to close 
roads 

Sediment input 
and Hydrology 

Streambank and hill slope stability likely begin to 
improve, peak flow impacts likely begin to reduce as well 

2000 GI initiated No effect No effect 

2000 Cushman Settlement reached (2009) Hydrology Minimal impact to this point 

2010 Cushman Settlement agreement 
implemented 

Hydrology Improved sediment transport capabilities in the North 
Fork Skokomish below the two dams and in the lower 
mainstem 

2010 Floodplain restoration in SF by USFS Sediment input Increased bank stability and floodplain sediment storage, 
and potential for improved sediment transport 

2010 Dikes removed and borrow ditches filled 
on Nalley Island 

Hydrology Increased conveyance of floodwater, reduced backwater 
effect, increased sediment storage capability on delta 
islands and reduced sediment storage in the channel 

2010 Purdy Creek Bridge improved (2009) Hydrology Increased conveyance of floodwater, reduced backwater 
effect, improved local sediment transport 

2010 Air temperatures increased by 0.8oC 
(1.5oF) since 1920 in the Pacific 
Northwest 

Sediment input 
and Hydrology 

Likely increase in peak flow magnitudes and shift from 
spring peak flows to winter peak flows, reduced summer 
baseflows; potential increase in mass wasting due to 
wetter winters. 

 

 

Table 1. Continued 
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Figure 3.  Locations of current levees and levees/dikes that have been removed in the Skokomish Basin.  

Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery 
(GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery 
(ESTH).  
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Figure 4.  LiDAR images depicting the floodplain fill that has been used to provide approaches for four 

HWY 101 bridges and one SR 106 bridge in the lower Skokomish Basin.   

Current Habitat Conditions for All Species: Stream Habitat 

The natural and anthropogenic processes described above combine to form the current 
fish habitat existing in the Skokomish Basin.  The focus of the current study is on habitat for 
juvenile anadromous salmonids and the following section describes the current state of juvenile 
salmonid habitat.  However, reference will also be made to impacts on adult salmonids as well, 
since the distribution and abundance of adults can influence the distribution and abundance of 

HWY 101 SR 106 

HWY 101 SR 106 
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juveniles.  Information from data collected as part of the Skokomish GI, as well as past habitat 
data collections, are summarized in this section.   

Sample Sites 
New data collected for the Skokomish GI was conducted in numerous study reaches and 

off-channel ponds throughout the Skokomish Basin (see Appendix A for details).  Study reaches 
within the Skokomish Basin were stratified by channel confinement and stream gradient, for a 
total of 8 strata (Table 2).  We then sampled a total of 21 study reaches during the summer of 
2008 and 24 study reaches during the winter of 2009 (Figure 5).  Of the reaches sampled during 
the summer, 16 were randomly selected and 5 were selected by the USACE.  Of the winter 
sample reaches, 19 sites were randomly selected and 5 were selected by the USACE (See 
Appendix B for details of habitat sampling methods).  A total of 22,618 m in stream length was 
sampled during the summer, 15,100 m from randomly selected reaches and 7,518 m from the 
USACE reaches.  A total of 22,963 m was sampled during the winter, with 17,808 m from 
randomly selected reaches and 5,154 m from the USACE reaches. 

Two of the USACE selected reaches, the Old North Fork Skokomish, South Fork 
Skokomish confluence reach (ONFSF) and the New North Fork Skokomish, South Fork 
Skokomish confluence (NNFSF) reaches, intersected one of the randomly selected reaches (2-
27) and, therefore were shortened so that the reaches did not overlap.  This resulted in these two 
USACE reaches being shorter than they would have been otherwise based on their bankfull 
width.  In addition, the reaches 2-30 and 2-38, which were only sampled during the summer, also 
overlapped, and were shortened to prevent the overlap resulting in these reaches being shorter 
than they would have been otherwise based on their bankfull width.  The downstream end of the 
snorkeled reach for 2-30 was at the same point as the upstream end of the snorkeled reach for 2-
38.   

General habitat availability for anadromous salmonids was determined by reviewing 
segment reach length data from the Northwest Indian Fisheries Commission (NWIFC) Salmon 
and Steelhead Habitat Inventory and Assessment Program (SSHIAP) (NWIFC 2004), barrier 
information from WDFW (Williams et al. 1975), and discussions with fisheries biologists 
familiar with the system (L. Ogg, USFS – retired; Marty Ereth, Skokomish Indian Tribe – now 
with Pierce County; personal communication).  Based on this assessment, we determined that 
there is approximately 132 km (82 mi) of anadromous fish habitat in the Skokomish Basin 
(Figure 6).  There is slightly more mainstem (55.4%) habitat than tributary (44.6%) habitat 
within the anadromous zone of the Skokomish Basin.  A majority of this habitat is low gradient 
(<2%) unconfined channels (floodplain width ≥ 4 channel widths), which makes up nearly 80% 
of the anadromous zone within the Skokomish Basin (Table 2; Figure 5).  Very little of the 
anadromous habitat (<8%) has a gradient greater than 4%.  In addition, there are about 4.1 km of 
the mainstem and 1.6 km of side channel classified as being in the stream estuary ecotone 
(Figure 7).  The classification of the stream-estuary ecotone was based on observations of tidal 
influence during our sampling (observed at site 2.23 but not site 2.28 – see Figure 5) and the 
present of estuarine dependent species such as flounder. 
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Table 2.  Stream segment strata used to stratify tributary and mainstem river habitat in the Skokomish 
Basin based on stream gradient and channel confinement. 

Strata 
Stream 

Gradient 
Channel 

Confinement 
Total Stream 
Length (km) 

Percent of 
Total Length 

Number of 
Sites Sampled 

S1U <1% Unconfined 79.40 60.1 20 
S1C <1% Confined 16.39 12.4 5 

S1-2U 1-2% Unconfined 13.11 9.9 5 
S2-4U 2-4% Unconfined 7.60 5.8 2 
S2-4C 2-4% Confined 7.95 5.4 2 
S4-8C 4-8% Confined 5.71 4.3 2 
S8C >8% Confined 1.97 1.5 2 
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Figure 5.  Locations where habitat was measured during the summer and winter of 2008 and 2009, 

respectively.  Strata codes represent gradient at <1% (1), 1-2% (1-2), 2-4% (2-4), 4-8% (4-8) and >8% (8), while 
confinement codes are confined (C) and unconfined (U).  Landmarks, marked by triangles include, the Skokomish 
Tribal Center (STC), George Adams Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish 
Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground 
(BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD).  
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Figure 6.  Anadromous fish zone within the Skokomish Basin.  Landmarks, marked by triangles include, 
the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), McKernan Salmon Hatchery 
(MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns 
Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD). 
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Figure 7.  Extent of the stream estuary ecotone in the lower Skokomish River.  Landmarks, marked by 

triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), McKernan 
Salmon Hatchery (MSH), Skokomish Community Church (SCC). 

The fact that a majority of the available habitat is in the mainstem rather than tributaries 
is somewhat unique and may somewhat limit salmon productivity in the system.  In general, a 
significant proportion of habitat available to juvenile salmonids in river basins is usually located 
in tributaries (i.e., ~33% in the Skagit Basin (Beechie et al. 1994), and tributaries are thought to 
produce significant proportions of juvenile salmonids, particularly coho salmon (i.e., Beechie et 
al. 1994).  However, this limitation may be overcome by the fact that so much of the Skokomish 
Basin is made up of low gradient unconfined reaches, which are generally the most productive 
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salmon habitats (Burnett et al. 2007).  Unfortunately, much of this habitat in the Skokomish 
Basin is also the most degraded. 

Salmonid Habitat Degradation 
Threats to juvenile salmon habitat in the Skokomish watershed are the result of the 

cascading effects of the disturbances to physical process occurring throughout the watershed as 
described above.  The resulting sediment aggradation and general impact to the general processes 
has four main effects on juvenile fish habitat including reduced 1) habitat availability, 2) habitat 
connectivity, 3) habitat stability, and 4) habitat quality.  Each of these effects and the factors 
responsible for them are discussed below. 

Reduced Habitat Availability 
Habitat availability in the Skokomish Basin has been reduced as a result of dams, loss of 

side channel habitat, and channelization.  Construction of the two Cushman dams blocked 
migration to approximately 26 km (16 mi) of mainstem habitat, based on assessment of stream 
segment lengths in the Seg-16a Geographic Information System (GIS) layer provide by SSHIAP 
(NWIFC 2004).  This assumes that prior to the construction of the dams; salmon were able to 
ascend to RKM 53 (RVM 33), as asserted by the Skokomish Indian Tribe and WDFW (2010).  
We estimated that an additional 13 km (8 mi) of tributary habitat would have been available, 
based on this same data source.  We assumed that migratory barriers were present in tributary 
reaches with more than a 4% gradient; a relatively conservative measure.  A majority of the 
isolated tributary habitat was from Big Creek and Dow Creek.  However, it‟s unclear what the 
gradient of these streams was, as they currently lie below Lake Cushman, which is not depicted 
on our GIS layers.  Based on this assessment, the Cushman projects block access to 
approximately 25% of the mainstem habitat and 18% of the tributary habitat available to 
anadromous salmon in the Skokomish Basin.  In addition, the Cushman projects block access to 
approximately 320 ha (965 acre) of lake habitat that would have been provided by the pre-dam 
Lake Cushman.  This loss of habitat may be even more important than the actual amount of 
habitat loss implies, since the area inundated and blocked by Cushman Dam has been stated to 
potentially have been some of the most productive salmon habitat in the Skokomish Basin 
(Skokomish Indian Tribe and WDFW 2010).  The impact of the two Cushman dams will be 
partially mitigated through the new FERC licensing agreement that requires upstream passage of 
adults and downstream passage of juveniles through these projects. 

The loss of vegetated islands and their associated side channels, as a result of clearing 
riparian zone old-growth forests and removal of logjams, represents a significant loss of habitat 
for salmonids.  Based on the assessment above, several locations within the Skokomish Basin 
historically had well established vegetated islands within the valley floodplain, which were 
surrounded and intersected by numerous river channels (see Figure 2).  Although some of these 
channels were likely relic channels, which may have contained water only during high flows, 
many likely had flowing water during non-base flow periods (Skokomish Indian Tribe and 
WDFW 2010).  Currently, there are very few vegetated islands in the valleys of the Skokomish 
Basin.  We examined aerial photographs from 2007 at a 1:2,500 scale using GIS to determine the 
number of side channels in the system.  For the purpose of this exercise we defined main 
channel, side channel, and braided channel habitat as follows: 

o Main channel: Primary channel containing a majority of the stream discharge 
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o Braided channel: Secondary channel separated from the main channel by a grave bar lacking 
vegetation or having only sparse and young (<2 yrs) vegetation, such as immature trees 
and/or brush. 

o Side channel: Secondary channel separated from the main channel by an island with mature 
vegetation. 

Examination of aerial photos show eight vegetated islands in the lower Skokomish Basin below 
the canyons, seven in the lower mainstem, and one in lower Vance Creek.  Total side channel 
stream length was estimated at 4.6 km in the lower mainstem and 360 m in lower Vance Creek.  
However, more than a third of this total was associated with the distributary channel around 
Nalley Island, located in the Skokomish estuary.  Although it‟s possible we missed some side 
channels during this analysis, it is still quite likely that channel diversity has been reduced 
throughout the Skokomish Basin, especially in the upper and lower South Fork Skokomish.  For 
example, the Skokomish Indian Tribe and WDFW (2010) state that an island described by the 
GLO surveyor Ross Shoecraft, which was located just downstream of the South Fork Skokomish 
canyon was approximately 1 mile (1.6 km) long and a half mile wide.  Thus, the side channel 
around this lost island would have represented a third of current estimated side channel habitat.  
It‟s likely that this channel was significantly longer than 1.6 km (the length of the island) and 
that several other side channels may have traversed the island as well. 

In addition to assessing aerial photos for channel complexity, we obtained data on all 
channel types within our study reaches.  We observed side channels in only 6 of our study 
reaches during both summer and winter surveys (Table 3; Table 4; Figure 8).  Side channel 
habitat, when present, also generally made up less than 20% of the total channel length surveyed 
at the site.  This limited availability of side channels occurred despite the fact that we surveyed a 
nearly continuous stretch of stream from just above the old North Fork Skokomish confluence to 
just above HWY 101; an area that historically likely had numerous side channels.  The apparent 
reduction in side channel habitat represents a significant loss of habitat for salmon.  Adult 
salmon are known to spawn in side channels (Eiler et al. 1992; Hiss 1995).  In addition, loss of 
channel diversity reduces available habitat for juvenile salmonids.  Juvenile salmon use side 
channel habitat extensively (Murphy et al. 1989; Hirschi and Reed 1998; Jeanes and Hilgert 
2000; Peters, FWS, unpublished data).  Juvenile Chinook salmon densities in reaches of the 
Cedar River were positively related to the amount of edge habitat and the proportion of side 
channel habitat within the reach (R. Peters, FWS, unpublished data).  This is likely due to the 
fact that newly emerged juveniles are dependent on edge habitat associated with the river bank 
and velocities in the mainstem may be too fast (Rosenfeld et al. 2008).  Juvenile Chinook salmon 
in the Cedar River were rarely more than a couple of meters away from the river edge (R. Peters, 
FWS, unpublished data).  Thus, the loss of side channel habitat represents a significant loss of 
edge habitat for juvenile salmonids.  

Although the number of side channels in the Skokomish Basin has been reduced, the 
number of braided channels has likely increased (Table 3 and Table 4).  Our GIS assessment 
counted eight braided channels totaling 1.6 km in the lower mainstem, 13 braided channels 
totaling 2.4 km in the lower South Fork Skokomish, 15 braided channels totaling 1.2 km in lower 
Vance Creek, and 35 braided channels totaling 4.6 km in the upper South Fork Skokomish.  We 
observed braided channels in all but 3 of the summer study reaches and 6 of the winter study 
reaches.  Braided channels were three times and four times more abundant than side channels 
during summer and winter, respectively.  In addition, braided channels made up a majority of the 
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habitat within one reach in the summer and winter surveys.  Thus, it appears that there may have 
been a transition from side channel dominated lateral habitats to braided channel lateral habitats 
throughout much of the Skokomish Basin.  Although braided channels also provide edge habitat, 
the quality of this edge habitat for juvenile salmon is likely reduced relative to side channels.  
Juvenile Chinook salmon densities in the Cedar River, Washington were positively related to 
overhead cover provided by adjacent riparian vegetation (R. Peters, FWS, unpublished data), 
likely due to the added protection from predators (Helfman 1981).  This may explain why 
juvenile Chinook salmon in the Cedar River showed a marked preference for side channels 
relative to the mainstem river and associated braided channel (R. Peters, FWS, unpublished data; 
Murphy et al. 1989).   

 
Table 3.  Percent (based on length) of the habitat in reaches surveyed during this study composed of 

braided channels (BC), backwaters (BW), main channel (MC), overflow channel (OC), and side channels (SC), 
along with the ratio of total channel length to main channel length per reach (Tot:MC Ratio) in the different study 
reaches during the summer of 2008.  Site names of reaches correspond to those in Figure 5.  The range, mean, and 
Standard Error (SE) conditions observed over all the sites are also provided.  

Site Name 
Bankfull 

Width (m) 
Channel Type Tot:MC 

Ratio BC BW MC OC SC 
2-01 15.7 10.2 11.3 78.6 0 0 1.3 
2-02 17.8 12.2 9.1 78.6 0 0 1.3 
2-23 32.8 1.8 7.5 90.7 0 0 1.1 
2-25 11.4 10.0 0 79.5 0 10.5 1.3 
2-26 14.6 9.2 4.1 79.5 0 7.2 1.3 
2-27 29.7 16.8 4.1 67.8 0 11.4 1.5 
2-28 33.6 1.7 2.7 95.6 0 0 1.0 
2-30 40.8 7.0 7.9 85.1 0 0 1.2 
2-31 43.3 4.4 3.6 72.8 0 19.1 1.4 
2-33 56.5 17.5 11.8 70.7 0 0 1.4 
2-35 9.9 0 0 100.0 0 0 1.0 
2-38 49.0 61.1 3.3 35.2 0.4 0 2.8 
2-39 12.3 7.4 0 92.6 0 0 1.1 
2-40 41.7 0 0 93.2 0 6.8 1.1 
2-67 8.2 16.2 0.5 83.2 0 0 1.2 
2-72 5.3 9.2 5.9 84.9 0 0 1.2 
NF 17.1 0 0 100.0 0 0 1.0 

NNFSF 53.0 13.9 5.5 80.7 0 0 1.2 
ONFSF 70.0 17.3 4.0 48.5 0 30.3 2.1 

SFV 42.6 32.4 10.9 56.7 0 0 1.8 
Vance 24.7 22.7 0 77.3 0 0 1.3 

        
Mean 30.0 12.9 4.4 78.6 0.0 4.1 1.4 

SE 4.0 3.0 0.9 3.6 0.0 1.7 0.1 
Minimum 5.3 0.0 0.0 35.2 0.0 0.0 1.0 
Maximum 70.0 61.1 11.8 100.0 0.4 30.3 2.8 
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Table 4.  Percent (based on length) of the habitat in reaches surveyed during this study composed of 
braided channels (BC), backwaters (BW), main channel (MC), overflow channel (OC), and side channels (SC), 
along with the ratio of total channel length to main channel length per reach (Tot:MC Ratio) during the winter of 
2009.  Site names of reaches correspond to those in Figure 5.  The range, mean, and Standard Error (SE) conditions 
observed over all the sites are also provided. 

Site Name 
Bankfull 
width (m) 

Channel Type Tot:MC 
Ratio BC BW MC OC SC 

2-01 15.7 3.2 8.5 88.3 0 0 1.1 
2-02 18.0 9.3 15.0 75.7 0 0 1.3 
2-06 35.0 27.1 0 72.9 0 0 1.4 
2-08 30.0 17.3 3.7 79.0 0 0 1.3 
2-13 17.0 0 0 100.0 0 0 1.0 
2-25 14.3 0 6.3 75.1 0 18.5 1.3 
2-26 14.6 2.7 21.3 63.6 0 12.4 1.6 
2-27 43.0 9.4 12.2 76.3 0 2.2 1.3 
2-28 35.0 0.8 9.2 90.1 0 0 1.1 
2-29 31.0 18.5 9.8 68.4 0 3.3 1.5 
2-35 12.3 0 0 100.0 0 0 1.0 
2-37 40.0 15.0 22.0 63.0 0 0 1.6 
2-39 9.9 5.4 0 94.6 0 0 1.1 
2-40 42.0 15.6 0 84.4 0 0 1.2 
2-41 30.0 55.8 5.0 39.2 0 0 2.6 
2-64 3.0 10.2 4.5 85.3 0 0 1.2 
2-67 12.3 15.0 0 85.0 0 0 1.2 
2-69 5.0 19.7 0 80.3 0 0 1.2 
2-72 5.0 24.3 17.9 57.7 0 0 1.7 
NF 15.0 0 0 100.0 0 0 1.0 

NNFSF 53.0 0 1.7 98.3 0 0 1.0 
ONFSF 70.0 29.7 9.0 39.0 0 22.3 2.6 
Vance 30.0 0 5.9 84.1 0 10.0 1.2 

        
Mean 25.3 12.1 6.6 78.3 0 3.0 1.4 

SE 3.5 2.8 1.5 3.6 0 1.3 0.1 
Minimum 3.0 0 0 39.0 0 0 1.0 
Maximum 70.0 55.8 22.0 100.0 0 22.3 2.6 
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Figure 8.  Percent (based on length) of habitats in the study reaches sampled during this study composed of 
side channels during the summer of 2008 and the winter of 2009 in the Skokomish Basin.  Landmarks, marked by 
triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), McKernan 
Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High 
Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD). 

 

In addition to the creation of dams and the loss of side channels, channel straightening 
has caused a loss in stream habitat within Skokomish Basin.  Although it is difficult to quantify 
the impacts of this activity, it is likely that overall loss is substantial.  For example, Bountry et al. 
(2009) noted channel straightening below the HWY 101 Bridge (Figure 9).  This single event 
reduced the channel from approximately 2.4 km (1.49 mi) to 1.4 km (0.86 mi), a 1 km (42%) 
reduction in total channel length in this area.  Bountry et al. (2009) also state that channelization 
may have occurred in the vicinity of the Church Dike (near the Skokomish Community Church 
(SCC) on the maps), which is located downstream of the old North Fork Skokomish confluence.  
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Channelization also likely eliminated the rivers connection to side channel habitat, further 
reducing overall habitat availability as discussed previously.   

 

 

 
Figure 9.  An example of channelization found within the Skokomish Basin. The 1938 channel (aqua line) 

is plotted over the 2007 channel shown in the base aerial photo of the river directly below Highway 101.  This 
channelization represents a 42% reduction in channel length at this location (2.4 km).  Figure is modified from 
Bountry et al. (2009). 

Reduced Habitat Connectivity 
Reduced habitat connectivity can result from numerous land management activities 

including dam construction, flow diversion, levee construction, road fill associated with bridge 
approaches, channelization, sediment aggradation, reduced base flow discharges, and road 
construction associated with logging activities.  Cushman Dam completely blocks anadromous 
fish from the upper Skokomish Basin and was therefore discussed with habitat loss above.  
However, flow diversion from Cushman directly to Hood Canal can also impact habitat 
connectivity by reducing low flow discharge and isolating habitat.  Much of the North Fork 
Skokomish was isolated from the rest of the river due to low flows resulting from historic water 
diversions from Lake Cushman (Skokomish Indian Tribe and WDFW 2010).  However, the new 

HWY 101 



40 

 

 

FERC agreement will provide additional flow during the low flow period, thereby improving 
habitat connectivity. 

In an effort to control frequent high flow and overbank events, residents of the valley, 
along with various federal and state agencies, have historically undertaken an aggressive diking, 
channelization, and bank stabilization campaign (Canning et al. 1988).  While this discontinuous 
network of dikes and associated structures may have mitigated low-level and site-specific 
flooding, they are of little use during large magnitude flood events (Rigby 2000).  Diking has 
occurred quite extensively in the lower watershed, from approximately Vance Creek 
downstream.  Some diking has also occurred on the north bank of the South Fork Skokomish, 
directly upstream of Vance creek.  Levee construction, road fill associated with bridge 
approaches, and channelization can impact habitat connectivity by disconnecting the main 
channel from its floodplain and side channel habitats.  In addition, adult and juvenile salmonids 
pushed into the floodplain during flood events that overtop the levees can become stranded there 
as flows recede, especially in areas where levees prevent floodwaters from moving from the 
floodplain back into the main channel.   

Off-channel habitat is crucial to overwintering juveniles such as coho and steelhead, 
which use them to escape high winter flows.  Off-channel habitats are also used as predator 
refugia by juvenile salmonids, and adult salmon utilize off channel habitat for spawning.  The 
patchwork mosaic of diking can make it more difficult or impossible for juveniles that find their 
way onto the floodplain to return to the river proper when flows recede, particularly when the 
water is cold, when overbank flows are more likely (Bradford 1997).  Sediment aggradation in 
this system has led to increase in overbank flow, even without an increase in overall discharge 
(Stover and Montgomery 2001).  This has resulted in flooding occurring at successively reduced 
discharges and progressive increases in this potential impact.   

Channel aggradation also impacts summer low flows by causing the complete dewatering 
of the lower portions of Vance Creek and the South Fork Skokomish (Skokomish Indian Tribe 
and WDFW 2010).  This creates a complete barrier to upstream passage by adults and 
subsequently impacts the distribution of juveniles.  For example, the barrier reduces the ability of 
juvenile salmon to redistribute within the system prior to winter freshets.  In addition, the 
dewatering significantly reduces the amount of available rearing habitat and results in the 
stranding and potential mortality of juveniles.  The dry channel conditions in the lower South 
Fork Skokomish result in approximately 12 km (7.5 mi) of the South Fork Skokomish being 
inaccessible to adult Chinook salmon.   

Loss of floodplain connectivity appears to be worse in the lower watershed than the upper 
watershed.  According to Correa (2003), habitat in the mainstem Skokomish, the South Fork 
Skokomish from RKM 14.5 to RKM 19.3 (RVM 9.0 to RVM 12.0) and Hunter, Weaver, and 
Vance Creeks are the most degraded, in terms of floodplain connectivity (Figure 10; detailed 
table in Appendix B).  Although there are numerous data gaps in the data set used by Correa 
(2003), the fact that this is the portion of the watershed that has undergone the most 
anthropogenic influences suggests these results are likely representative of the Skokomish Basin 
as a whole. 
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Figure 10.  Floodplain connectivity ratings (bold lines) and floodplain habitat ratings (fine lines) for areas 
within the Skokomish Basin (based on Correa 2003), including areas where data gaps exist.  Landmarks, marked by 
triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), McKernan 
Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High 
Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD). 

  



42 

 

 

Reduced Channel Stability 
Channel aggradation within the Skokomish Basin has been reported to total 

approximately 1.8 m in the Skokomish River from 1939 to 1997 (Stover and Montgomery 2001).  
The combination of Simons and Associates (1993 and 1995) and England (2007) data yields a 
similar estimate of total aggradation of 1.4 m.  This channel aggradation causes several negative 
effects on juvenile salmon survival.  The dramatic increase in sediment results in a largely 
unstable stream bed, where localized scour and fill can occur at lower discharges than those 
found in the original non-aggrading stream bed.  This localized scour can physically removing 
redds during the process (Tripp and Poulin 1986; Schuett-Hames et al. 2000).  In addition, 
localized fill can also bury salmon redds that would have otherwise escaped the effects of scour 
(Gottesfeld et al. 2004).  In addition, fine sediment deposited in redds that weren‟t scoured can 
suffocate salmon redds by restricting water flow past developing embryos (Devries 2000).   

Aggradation can also result in unstable channel conditions at larger spatial scales.  This 
results from the channels inability to transport the excess sediment, resulting in frequent 
avulsions through unstable gravel bars or islands.  This also result in the stranding of juvenile 
salmon as portions of the active channel become isolated from the mainstem as water levels 
recede (Sommer et al. 2005).   

A dramatic example of the effects of aggradation on channel stability and migration were 
illustrated by the changes that occurred at the confluence of the North and South Fork 
Skokomish during the 2004 water year.  The North Fork Skokomish became blocked by 
sediment and LWD from the South Fork Skokomish.  The North Fork Skokomish eventually 
breached a levee, entered an abandoned stream channel, and now enters the mainstem 
approximately 2 km downstream from its original confluence (Geo Engineers 2006).  This event 
resulted in the dewatering of redds and isolation of juveniles in the reach downstream of the 
avulsion.  Ironically, this event increased the available habitat for salmonids by lengthening the 
North Fork Skokomish stream reach. 

Reduced Habitat Quality 

In addition to habitat loss, reduced connectivity, and reduced habitat stability, 
aggradation and the factors that have influenced aggradation have negatively influenced the 
quality of the habitat that remains.  Aggradation can cause five main disturbances that affect 
juvenile salmon habitat, including 1) reduced riparian cover, 2) decreased summer instream 
flows, 3) increased summer temperatures, 4) decreased LWD, and 5) decreased pool habitat.  
Many of these factors are interrelated, with impacts to one factor subsequently impacting 
another.  Channel aggradation has also precipitated a host of anthropogenic responses in the 
lower watershed, such as clearing woody debris jams, riverine gravel removal, diking, and bank 
stabilization (USACE 2010) that exacerbate the problems stated above or that are themselves 
detrimental to juvenile salmon habitat.  Dunham and Chandler (2001), Correa (2003), and Merlin 
Biological (2005) report specific habitat details for the South Fork Skokomish mainstem and 
Church Creek, the entire Skokomish watershed, and the South Fork Skokomish sub-basin, 
respectively.  In addition, ME2 Environmental Services (1997) (on behalf of The Simpson 
Timber Co.) and the USFS and the Skokomish Tribe (1995) both completed watershed analysis 
on the South Fork Skokomish and its tributaries.  These past and current data collections and 
summaries suggest that some level of habitat degradation has occurred in the Skokomish Basin, 
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with less degraded habitat in the upper watershed and tributaries relative to the lower watershed 
and mainstem.   

The Skokomish Indian Tribe and WDFW (2010) document increases in active channel 
widths throughout this region.  This increase in active channel width will impact juvenile salmon 
habitat in several different ways.  First, it reduces the availability of overhead cover, which 
protects juvenile salmon from predators (Helfman 1981).  Second, the reduction in riparian 
vegetation adjacent to the wetted channel reduces shading, which can result in increased water 
temperatures (see below for more a further discussion of this topic).  Third, it reduces the input 
of large wood to the river channel, thereby reducing instream cover, an important component of 
juvenile salmonid habitat (i.e., Shirvell 1994; Peters 1996a ; Roni and Quinn 2001; Beechie et al. 
2005).  Finally, channel widening is likely associated with reduced channel depths and loss of 
pool habitat.  However, increased channel width and reduced riparian cover may actually 
increase primary productivity due to increased solar radiation reaching the stream channel 
(reviewed by Chamberlain et al. 1991). 

Reduced Riparian Vegetation 
Based on past studies and data collected during this study, riparian vegetation appears to 

be degraded within the Skokomish Basin, with the greatest degradation occurring in the lower 
Skokomish watershed and in mainstem channels relative to tributaries.  Correa (2003) classified 
riparian conditions throughout the mainstem, South Fork Skokomish, and several tributaries 
based on qualitative criteria of good, fair, and poor (Figure 11).  The Skokomish mainstem, 
Weaver Creek, Hunter creek, and the lower South Fork Skokomish (RKM 0 – 4.8) were 
classified as having poor riparian conditions.  Purdy Creek was classified as poor to good, while 
Richert Springs was classified as fair to good.  The South Fork Skokomish was classified as fair 
from RKM 16.1 to 37.8, but good in the remaining sections.  Tributaries to the upper South Fork 
Skokomish were classified as good (Rock Creek, Brown Creek, LeBar Creek, Cedar Creek, and 
Pine Creek), with the exception of Church Creek, which was classified as fair.  No assessment 
was completed for the North Fork Skokomish or Vance Creek.  

Based upon our data collection, riparian vegetation conditions appear to be severely 
degraded in some areas, but relatively healthy in others (Figure 12, Figure 13, Figure 14).  Based 
on mature riparian vegetation cover, riparian conditions were most degraded in the upper South 
Fork Skokomish, the mainstem Skokomish from the Vance Creek confluence to HWY 101 and 
in Hunter Creek (Figure 12 ).  Mature riparian cover varied from poor to relatively good (>70%) 
in the North Fork, Vance Creek, McTaggert Creek, and was generally good in Swift Creek and 
the lower mainstem below HWY 101.  Riparian conditions based on riparian cover along the 
stream bank were similar, except that riparian cover was generally greater than 50% along the 
banks of the North Fork Skokomish and McTaggert Creek (Figure 13).  Riparian condition 
ratings based on percent riparian cover in the middle of the channel varied from those stated 
above for the lower mainstem Skokomish (Figure 14).  Riparian cover in the middle of the 
channel at these locations was generally less than 30%.  The riparian conditions at the remaining 
sites were similar to those observed for mature riparian canopy and riparian cover along the 
bank.  The varied riparian conditions observed are likely the result of the interacting influences 
of historic land clearing and logging practices that allowed for harvest to occur adjacent to the 
channel, recovery at these locations, and changes in overall channel width.   
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Figure 11.  Riparian conditions throughout the mainstem, South Fork Skokomish, and several tributaries 

based on qualitative criteria of good, fair, and poor (modified from Correa 2003).  Landmarks, marked by triangles 
include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), McKernan Salmon 
Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), 
Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD).   
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Figure 12.  Percent mature riparian cover of the total bank at each site sampled in the summer of 2008 and 

winter of 2009.  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams 
Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels 
Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam 
(LCD), and Upper Cushman Dam (UCD).   
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Figure 13.  Percent of bank with riparian canopy at each site sampled during the summer of 2008 and 

winter of 2009.  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams 
Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels 
Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam 
(LCD), and Upper Cushman Dam (UCD). 
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Figure 14.  Percent riparian canopy cover in the mid-channel at each site sampled in the summer of 2008 

and winter of 2009.  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams 
Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels 
Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam 
(LCD), and Upper Cushman Dam (UCD). 

 

 

Decreased Instream Flows 

Summer low flows in the Skokomish Basin are reduced relative to historic values 
(Skokomish Tribe and WDFW 2010).  This could be the result of the river going sub-surface as a 
result of aggradation in the lower South Fork Skokomish, lower Vance Creek, and mainstem, as 
well as flow reductions resulting from diversion of flows from the North Fork Skokomish.  As 
described above, channel aggradation can impact summer low flows by causing flows to go 
subsurface.  Complete dewatering of the lower portions of Vance Creek and the South Fork 
Skokomish has been observed recently (Skokomish Indian Tribe and WDFW 2010).  This 
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creates a complete barrier to upstream passage by adults and subsequently impacts the 
distribution of juveniles.  The South Fork Skokomish was dry for several hundred meters above 
the confluence of the North Fork Skokomish during the summer of 2009, but not the summer of 
2008. 

 

Increased Summer Temperatures 
Increased water temperatures appear to be a sporadic problem in the Skokomish Basin, 

with some past studies identifying water quality issues, while others have not.  Water 
temperature problems appear to be a greater concern in the lower Skokomish Bain than the upper 
Skokomish Basin.  Skokomish Indian Tribe (2006) noted severe water quality impairment for 
warm water temperature and low dissolved oxygen (DO) during summer low flows at the HWY 
101 Bridge.  Interestingly enough, they found that these two metrics were not violated further 
downstream at the SR 106 Bridge.  However, State standards for fecal coliform levels were 
violated at the SR 106 Bridge site.  Mid Skobob Creek and the mouth of Purdy Creek were listed 
as severely impaired for fecal coliforms, temperature, and DO.  The upper section of Purdy 
Creek, the Weaver Creek sampling sites, and Hunter Creek were not impaired for temperature 
but were impaired for DO and fecal coliform.  In addition, data collected by the Washington 
Department of Ecology (WDOE) indicates that concentrations of fecal coliform bacteria in the 
lower river valley exceeded State water quality standards in Ten Acre Creek, in addition to 
Weaver, and Purdy Creeks, and at the SR 106 Bridge. 

Correa (2003) classified water temperature conditions throughout portions of the 
Skokomish Basin based on qualitative criteria of good, fair, and poor (Figure 15).  Data for main 
channels existed only for the upper South Fork Skokomish (above RVM 23.5), which was 
classified as having good water temperatures.  Hunter, Weaver, and Purdy Creeks, which are 
tributaries to the mainstem, were classified as having good water temperatures.  Water 
temperatures at all but one of the South Fork Skokomish tributaries assessed had water 
temperatures classified as good, including Church, Pine, Cedar and Brown Creeks.  Lebar Creek 
was classified as having fair water temperatures.   

Dunham and Chandler (2001) assessed several sites within the South Fork Skokomish 
Basin (Figure 16).  With the exception of one site, which had temperatures that exceeded 18oC 
for 36 days, temperature was not identified to be a major issue in the South Fork Skokomish.  
Although this one site had temperatures much greater than the other sites evaluated, the observed 
temperatures were still less than those expected be a barrier to adult Chinook salmon (i.e., 21oC, 
Richter and Kolmes 2005; Strange 2010).  In addition, temperatures at this site were less than 
lethal limits for juvenile salmon (i.e., Becker and Genoway 1979; Geist et al. 2010) and less than 
temperatures expected to impact growth (i.e., Brett et al. 1982; Marine and Cech 2004; Geist et 
al. 2010).   
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Figure 15.  Water temperature conditions throughout sections of the mainstem, South Fork Skokomish, and 

several tributaries based on qualitative criteria of good, fair, and poor (modified from Correa 2003).  Landmarks, 
marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), 
McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery (ESTH), 
High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam 
(UCD). 
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Table 5. Summer mean and maximum temperature data collected during a 48 day period in 2000 and the 
number of days temperatures exceeded temperature thresholds of 12-20oC (from Dunham and Chandler 2001, sites 
are displayed in Figure 16). 

  Summer 
 Number of days temperatures 

exceeded: 
Stream Site Mean Max  12C 14C 16C 18C 20C 
Church Cr. 1 10.67 13.58  23 0 0 0 0 
S.F. Skokomish 1 15.22 19.27  48 48 44 13 0 
S.F. Skokomish 10 13.71 18.36  48 45 28 5 0 
S.F. Skokomish 11 13.29 17.54  48 44 20 0 0 
S.F. Skokomish 12 13.38 17.52  48 45 20 0 0 
S.F. Skokomish 13 12.81 16.72  47 41 11 0 0 
S.F. Skokomish 14 12.44 16.02  47 37 1 0 0 
S.F. Skokomish 15 11.84 15.50  46 23 0 0 0 
S.F. Skokomish 16 11.14 14.97  43 19 0 0 0 
S.F. Skokomish 17 10.26 14.51  36 8 0 0 0 
S.F. Skokomish 18 10.35 14.32  37 8 0 0 0 
S.F. Skokomish 19 9.68 13.46  26 0 0 0 0 
S.F. Skokomish 2 15.39 19.39  48 48 42 13 0 
S.F. Skokomish 20 8.82 10.82  0 0 0 0 0 
S.F. Skokomish 21 8.00 9.43  0 0 0 0 0 
S.F. Skokomish 22 8.47 10.23  0 0 0 0 0 
S.F. Skokomish 23 10.92 13.18  12 0 0 0 0 
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Figure 16.  Study sites where habitat and fish data were collected by Dunham and Chandler (2001).  
Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery 
(GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery 
(ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper 
Cushman Dam (UCD). 
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Reduced LWD 
As discussed above, reductions in large wood input to the river channel occurs as the 

active channel width increases.  LWD has several beneficial effects for juvenile salmon, 
including increasing habitat complexity and number of pools, providing instream cover and 
predation refugia, and increasing primary productivity (Quinn 2005).  A number of past studies 
have assessed large wood levels within the Skokomish Basin and have identified reaches where 
wood levels are below a desired standard.  According to Correa (2003), habitat in the mainstem 
Skokomish, the South Fork Skokomish from RVM 0 to RVM 10 and Hunter, Weaver, Vance, 
LeBar, and Pine creeks are the most degraded, in terms of LWD presence (Figure 17). 

Data from Merlin Biological (2005) indicates that LWD and pool frequency generally 
increase as you move upstream on the South Fork Skokomish, with habitat greatly improving 
upstream of RKM 25.1 (RVM 15.6) (Table 6).  In addition, their report found that most of the 
major tributaries had significant old growth buffers and that LWD loading was in good condition 
overall.  Although LWD and pool frequency increases as you move upstream in the South Fork, 
data from Dunham and Chandler (2001) indicate relatively poor LWD quality in the South Fork 
Skokomish and Church Creek (Table 7).  Only about one-third of the sites they sampled were 
classified as having wood present that provided good quality cover (i.e. wood class ratings of 3 
or 4).  The observation of increased wood in the upper watershed likely is the result of increased 
wood delivery as a result of landslides (Benda et al. 2003) in the area. 

Fox et al. (2003) developed recommended large wood quantities and volumes for western 
Washington river‟s (Table 8).  Although we collected different wood metrics, we attempted to 
compare observed quantities and volumes of large wood from the current study with their 
recommendations.  We determined that large wood was limited in many sites of lower Vance 
Creek, the South Fork Skokomish, and the mainstem (Figure 18).  The number of Large Debris 
Piles (LDP) per bankfull width was very low for all sites sampled.  In particular, the USACE 
Vance Creek site did not have any LDP during either summer or winter surveys.  The number of 
single LWD in the South Fork Skokomish was also very low and translated to 0 to 0.07 LWD 
per m with an average of 0.02.  This indicates poor LWD quality within the reach.  
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Figure 17.  Classification of levels of large woody debris (LWD) throughout the mainstem, South Fork 
Skokomish, and several tributaries based on qualitative criteria of good, fair, and poor (modified from Correa 2003 
Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery 
(GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery 
(ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper 
Cushman Dam (UCD). 

  



54 

 

 

Table 6.  Juvenile salmon relevant habitat in the South Fork Skokomish of the Skokomish River watershed.  
Modified from Merlin Biological (2005).   

Reach Pools/km (mi) 
Pools > 0.91 m 
deep/km (mi) 

No. of 
LWD/km (mi) 

Dominant/Subdominant 
Substrate 

RKM 17.7-22.9  
(RVM 11-14.2) 

14.5 
(9) 

12.4 
(7.7) 

138.1 
(85.8) 

Gravel/cobble 

RKM 22.9-25.1  
(RVM 14.2-15.6) 

13.8 
(8.6) 

13.8 
(8.6) 

42.5 
(26.4) 

Gravel/cobble 

RKM 25.1-34.4  
(RVM 15.6-21.4) 

16.9 
(10.5) 

15.8 
(9.8) 

273.1 
(169.7) 

Gravel/cobble 

RKM 34.4-37.8  
(RVM 21.4-23.5) 

20.9 
(11.3) 

17.4 
(10.8) 

203.3 
(126.3) 

Gravel/cobble 

RKM 37.8-41.8  
(RVM 23.5-26.0) 

23.2 
(14.4) 

19.6 
(12.2) 

221.5 
(137.6) 

Cobble/gravel 
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Table 7.  Summary of habitat data metrics for Church Creek and the South Fork Skokomish River (from Dunham and Chandler 2001, sites are shown 
on Figure 16). 

Stream Site 
Length 

(m) 

Mean 
Width 

(m) 

Max 
Depth 
(m) Gradient Conductivity 

No. of Large Woody Debris (per meter) 
Wood 
class 

% 
fines Single Rootwads Aggregates Total 

Church Creek 1 100 6.96 1.01 2.16 34.7 0.12 0.06 0.01 0.19 2 12.0 
S.F. Skokomish 1 100 15.71 1.40 0.31 62.9 0.07 0.03 0.01 0.11 3 31.5 
S.F. Skokomish 10 108 14.89 1.35 0.18 56.5 0.08 0.02 0.00 0.10 2 25.9 
S.F. Skokomish 11 100 37.65 0.65 0.99 60.6 0.15 0.04 0.03 0.22 2 9.0 
S.F. Skokomish 12 97 10.07 1.65 0.00 37.3 0.09 0.02 0.01 0.12 2 32.0 
S.F. Skokomish 13 102 13.16 1.35 0.95 35.1 1.47 0.49 0.17 2.13 4 25.0 
S.F. Skokomish 14 100 14.24 0.73 0.19 33.7 0.10 0.01 0.01 0.12 3 4.6 
S.F. Skokomish 15 100 19.59 0.83 0.24 31.6 0.02 0.00 0.00 0.02 1 15.5 
S.F. Skokomish 16 115.5 10.87 1.43 0.24 63.1 0.02 0.00 0.00 0.02 1 18.8 
S.F. Skokomish 17 80 10.59 1.80 1.54 59.3 0.01 0.00 0.01 0.03 1 3.8 
S.F. Skokomish 18 110 10.80 0.73 0.79 54.8 0.08 0.01 0.00 0.09 1 10.0 
S.F. Skokomish 19 100 11.80 1.12 1.74 59.8 0.03 0.01 0.01 0.05 1 2.5 
S.F. Skokomish 2 100 19.91 1.10 0.45 64.0 0.05 0.00 0.01 0.06 4 7.0 
S.F. Skokomish 20 103.2 13.98 3.00 0.52 35.4 0.04 0.01 0.01 0.06 2 24.7 
S.F. Skokomish 21 80 7.16 1.36 1.75 55.4 0.15 0.00 0.01 0.16 2 10.7 
S.F. Skokomish 22 155 7.28 0.55 1.46 31.2 0.14 0.01 0.07 0.21 2 4.5 
S.F. Skokomish 23 100 5.85 0.73 8.11 42.7 0.06 0.01 0.03 0.10 4 2.8 
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Table 8.  Recommended ranges of instream wood quantity and volumes for western Washington streams 
by bankfull width class (BFW Class) (From Fox et al. 2003). 

LWD Piece Quantity: Number of Pieces Per 100 m of Channel Length 
Region BFW Class Good Fair Poor 
Western WA 0-6 m >38 26-38 <26 
 >6-30 m >63 29-63 <29 
 >30-100 m >208 57-208 <57 
     

LWD Volume: Cubic Meters Per 100 m of Channel Length 
Region BFW Class Good Fair Poor 
Western WA 0-30 m >99 28-99 <28 
 >30-100 m >317 44-317 <44 
     

Key Piece Quantity: Number of Pieces Per 100 m of Channel Length 
Region BFW Class Good Fair Poor 
 0-10 m >11 4-11 <4 
 >10-100 m >4 1-4 <1 
     

Minimum Piece Volume to Define Key Pieces 
Bankfull width Class Minimum Piece Volume (m3) 
0-5 m 1* 
>5-10 2.5* 
>10-15 6* 
>15-20 9* 
>20-30 m 9.75 
>30-50 m 10.5** 
>50-100 m 10.75** 
 * Existing Washington Forest Practices Board (WFPB) (1997 definitions) 
** Rootwads must be attached 
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Figure 18.  Number of large debris piles per bankfull width at each site sampled in the summer of 2008 and 
winter 2009.  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon 
Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout 
Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and 
Upper Cushman Dam (UCD).   
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Reduced Pool Habitat 
Data from Merlin Biological (2005) indicates that pool frequency and depth increases as 

you move upstream on the South Fork Skokomish, with habitat greatly improving upstream of 
RKM 25.1 (RVM 15.6) (Table 6).  The USFS and Skokomish Tribe (1995) rated the entire South 
Fork Skokomish as having poor pool frequency.  In contrast, all the tributaries, except Church 
Creek, were rated as good or fair for pool frequency.  Correa (2003) classified  reaches of the 
South Fork Skokomish and several tributaries and found that percent pool habitat was poor in the 
from RKM 0 (RVM 0) to RKM 4.8 (RVM 3) and RKM 16.1 (RVM 10) to RKM 37.8 (RVM 
23.5), but good from RKM 4.8 (RVM 3) to RKM 16.1 (RVM 10) and above RKM 37.8 (RVM 
23.5).  The percent of pool habitat was also poor in Weaver, Hunter, Vance, LeBar and Pine 
Creeks.  The percent pool habitat was rated as good in Richert Springs and Cedar Creek (Figure 
19).  Classification of pool quality in these reaches varied from that of percent pool habitat, 
indicating that the quality of the few pools that were present was generally good in the South 
Fork Skokomish, but poor in the tributaries (Figure 20).  Pool quality throughout the entire South 
Fork Skokomish was rated as good, while pool quality in tributaries was rated as good in only 
Brown Creek. 

ME2 Environmental Services (1997) provides similar information to Correa (2003) and 
Merlin Biological (2005) in their watershed analysis of the South Fork Skokomish, but separated 
the data into summer and winter rearing habitats, and also highlighted four “areas of special 
concern”.  In general, ME2 Environmental Services (1997), reports that the pool depth was good 
across all fish bearing reaches, although they used their own subjective determination of what 
depth was required for juvenile salmon rearing.  For summer rearing habitats, they state that 
percent pool habitat was good in the alluvial terrace tributaries of the South Fork Skokomish 
(tributaries to Vance Creek), fair in the upland tributaries (Fir Creek), and poor in tributaries 
above the South Fork Skokomish canyon (Brown, Pine, and LeBar Creeks).  Data for Vance 
Creek was difficult to obtain because of its dry channel.  In terms of winter rearing habitat, their 
most significant finding is the virtual non-existence of off channel habitat in the South Fork 
Skokomish watershed, although similar habitat can be found in the lower reaches of the alluvial 
terrace tributaries and in side channels of the upper watershed. 

Data collected during the current study generally support the previous findings with 
regard to pool availability.  The mean percent of summer sample sites that consisted of deep 
water (DW) was 44.8% in the summer and 25.8% in the winter (Table 9).  Shallow water (SW) 
habitats comprised 29% in the summer and 40.6 % in the winter.  The percentage of deep water 
habitats decreased in 12 of 15 between the summer to winter surveys from an average of 47% to 
30% in the sites we sampled both summer and winter (n = 15).  Based on Washington 
Department of Natural Resources (WDNR) watershed analysis indices (WDNR 1997), the 
habitat quality rating for percent pool (using percent deepwater as percent pools) would be poor 
for 9 of 21 summer sites, fair for 6 sites, and good for the other six sites.  For winter sites, 20 of 
23 sites would be rated as poor, two sites would be rated as fair, and one site would be good.  
Overall, the percent of the habitat that consists of pools to provide summer and winter rearing 
habitat for juvenile salmonids is rated as poor in most areas of the Skokomish River (Table 9).  
Percent DW habitats tended to be greater in the stream estuary ecotone, tributaries and the North 
Fork Skokomish than the South Fork Skokomish during the summer, and greatest in tributaries 
and the North Fork during the winter (Figure 21).   
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Figure 19.  Classification of percent pool habitat throughout the mainstem, South Fork Skokomish, and 
several tributaries based on qualitative criteria of good, fair, and poor (modified from Correa 2003).  Landmarks, 
marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), 
McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery (ESTH), 
High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam 
(UCD). 
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Figure 20.  Classification of pool habitat quality throughout the mainstem, South Fork Skokomish, and 

several tributaries based on qualitative criteria of good, fair, and poor (modified from Correa 2003). Landmarks, 
marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), 
McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery (ESTH), 
High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam 
(UCD). 
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Table 9.  Percent of average depth water (AW), deep water (DW), and shallow water (SW) present in study 

reaches sampled during summer 2008 and winter 2009, along with the mean, standard error (SE), minimum, and 
maximum values observed for all of the reaches.  AW habitats are typically glides, runs, and rapids.  DW habitats 
are generally pools, while SW habitats are generally shallow glides and riffles. 

Summer  Winter 
Site Name AW DW SW  Site Name AW DW SW 
2-01 0.4 76.1 23.5   2-01 41.4 49.3 9.3 
2-02 18.5 59.5 22.0   2-02 51.9 25.7 22.4 
      2-06 47.6 6.8 45.6 
      2-08 53.1 18.8 28.1 
      2-13 87.6 12.4 0 
2-23 20.2 47.6 32.2      
2-25 0 45.3 54.7   2-25 0 34.0 66.0 
2-26 50.1 35.7 14.2   2-26 34.6 31.5 33.9 
2-27 28.3 34.7 37.0   2-27 50.8 27.9 21.3 
2-28 16.1 25.5 58.4   2-28 9.5 14.6 76.0 
      2-29 38.1 15.2 46.7 
2-30 4.4 23.9 71.7      
2-31 30.1 44.0 26.0      
2-33 0 44.6 55.4      
2-35 100 0 0  2-35 0 0 100 
      2-37 26.9 22.7 50.4 
2-38 0 46.4 53.6      
2-39 28.2 68.4 3.4   2-39 40.9 53.7 5.4 
2-40 42.0 58.0 0  2-40 0 28.8 71.2 
      2-41 43.3 26.6 30.1 
      2-64 9.3 29.5 61.2 
2-67 52.6 41.4 6.0  2-67 56.8 16.5 26.7 
      2-69 7.3 9.2 83.4 
2-72 0 99.8 0.2   2-72 5.7 87.4 6.9 
NF 0 100 0   NF 39.6 0 60.4 
NNFSF 51.7 30.6 17.7   NNFSF 57.2 34.7 8.1 
ONFSF 64.4 14.3 21.3   ONFSF 54.3 28.1 17.6 
SFV 25.2 22.1 52.7      
VANCE 19.0 22.2 58.8  VANCE 17.1 20.1 62.8 
         

Mean 26.2 44.8 29.0   Mean 33.6 25.8 40.6 
SE 5.8 5.6 5.2   SE 4.9 4.0 5.9 
Minimum 0 0 0   Minimum 0 0 0 
Maximum 100 100 71.7   Maximum 87.6 87.4 100 
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Figure 21.  Percent of the habitat surveyed classified as deep water at sites assessed in the summer of 2008 
and winter of 2009 within the Skokomish Basin.  Landmarks, marked by triangles include, the Skokomish Tribal 
Center (STC), George Adams Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish 
Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground 
(BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD).   

 

We measured four metrics to evaluate pool quality, including average thalweg depth, 
maximum thalweg depth, average residual pool depth, and maximum residual pool depth.  These 
four metrics allow for comparisons of pool depths to be compared to overall reach depths.  
Residual pool depths, defined as the maximum pool depth minus the pool tail (crest) depth (Lisle 
1987), are sensitive to management activities (Kershner et al. 2004) and have been correlated to 
fish densities (Mossop and Bradford 2006).   

Pool quality, based on depth, in the reaches we sampled was variable based on the data 
we collected during this study and varied somewhat from that reported by others (Merlin 
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Biological 2005, Correa 2003).  However, since neither Merlin Biological (2005), nor Correa 
2003 clearly defined their criteria for classifying pool quality, comparisons are very difficult.   

Average thalweg depths varied from approximately 0.25 m to nearly 2.25 m (Figure 22), 
while maximum thalweg depths varied from 0.25 m to nearly 5 m (Figure 23).  Average and 
maximum thalweg depths were generally greatest in the mainstem, Hunter Creek and the South 
Fork Skokomish and shallowest in Vance Creek, Swift Creek, the North Fork Skokomish and 
McTaggert Creek.  Average residual pool depths ranged from approximately 0.2 m to 1.6 m 
(Figure 24), while maximum residual pool depth ranged from 0.4 m to nearly 4 m (Figure 25).  
As expected, average and maximum residual pool depths were shallowest in tributaries relative 
to the mainstem, with the exception of Hunter Creek, which had relatively deep water and the 
upper South Fork Skokomish which had very shallow residual pools compared to other 
mainstem habitats.  Both average and maximum residual pool depths appeared to be shallower 
during the winter than during the summer within the South Fork Skokomish and upper mainstem 
Skokomish (above HWY 101), but not in tributaries or the North Fork Skokomish.  This 
suggests that pools may have filled during fall freshets after we completed the summer surveys 
and before we completed the winter surveys.  The observation of shallow residual pool depths in 
the upper South Fork Skokomish contrasts observations by Correa (2003).  The cause for this 
discrepancy is unclear, but may be due to sediment deliveries from historic or active landslides. 

Judging pool quality is across different stream sizes is difficult.  Residual pool depth 
observations from our surveys and those from Merlin Biological (2005) were similar.  Pleus et 
al. (1999) provided the criteria to determine what habitats are considered pools (Table 10).  Our 
mean residual pool depths greatly exceeded these values throughout the Skokomish Basin, 
suggesting that pool depths within the somewhat limited pools available is in relatively good 
condition.  Mossop and Bradford (2006) found that mean maximum residual pool depths ranging 
from 0.1 to 0.5 m was correlated with juvenile Chinook salmon densities in small tributaries of 
the Yukon River with bankfull widths of approximately 5 m.  These streams would be similar in 
size to Swift Creek and McTaggert Creek, where mean residual pool depths were 0.2-0.4 m and 
0.1-0.2 m, respectively.  This suggests that pool quality in Mctaggert Creek may be in somewhat 
poor condition (Figure 24).  Mean residual pool depths in the upper South Fork Skokomish, 
which has a bankfull width substantially wider than 5 m, were generally less than 0.6 m.  Thus, 
pool quality in the upper South Fork appears to be degraded (Figure 24). 

 
Table 10.  Minimum residual depth criteria for habitat units within streams of different bankfull width to 

be classified as pools (from Pleus et al. 1999). 

Bankfull Width (m) Residual Pool Depth (m) 

0 – 2.49 0.1 

2.5-4.9 0.2 

5-9.9 0.25 

10-14.9 0.3 

15-19.9 0.35 

>20 0.4 
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Figure 22.  Average thalweg depth (m) of stream reaches assessed in the summer of 2008 and winter of 
2009.  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon 
Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout 
Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and 
Upper Cushman Dam (UCD). 
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Figure 23.  Average maximum thalweg depth (m) of stream reaches assessed in the summer of 2008 and 

winter of 2009.  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams 
Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels 
Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam 
(LCD), and Upper Cushman Dam (UCD).   
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Figure 24.  Average residual pool depth (m) of stream reaches assessed in the summer of 2008 and winter 

of 2009.within the Skokomish Basin.  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), 
George Adams Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church 
(SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower 
Cushman Dam (LCD), and Upper Cushman Dam (UCD).   
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Figure 25.  Maximum residual pool depth (m) of stream reaches assessed in the summer of 2008 and 

winter of 2009 within the Skokomish Basin.  Landmarks, marked by triangles include, the Skokomish Tribal Center 
(STC), George Adams Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community 
Church (SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), 
Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD).   
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Based on the discussion in this section, it is apparent that impact to large scale habitat 
conditions have been impacted in the Skokomish Basin to a greater degree than finer spatial 
scale habitat conditions.  The Skokomish Basin is somewhat unique for western Washington 
Basins, in that a majority of the habitat available to anadromous salmonids is mainstem habitat 
rather than tributaries (i.e. 55.4% mainstem).  The relative scarcity of tributary habitat may be 
compensated for by the high proportion of mainstem and tributary habitat that are productive low 
gradient, unconfined systems.  However, these systems also appear to be the most highly 
degraded.   

Of the four main habitat issues discussed above, habitat loss appears to be the most 
significant.  The Cushman Dams block anadromous salmonids access to approximately 25% and 
18% of the available mainstem and tributary habitat in the basin, respectively.  Significant 
habitat has also been lost by the apparent loss of vegetated islands and their associated side 
channel habitats, which are productive to both adult (Eiler et al. 1992; Hiss 1995) and juvenile 
salmonids (Murphy et al. 1989; Hirschi and Reed 1998; Jeanes and Hilgert 2000; Peters, FWS, 
unpublished data).  Much of this side channel habitat has apparently been transformed into less 
productive braided channel habitat.  Channel straightening also appears to have resulted in 
significant losses of channel length available for salmonids.  This along with channel aggradation 
that has reduced tidal influence in the lower mainstem also appears to have substantially reduced 
the stream-estuary ecotone, an important rearing and transition area for salmonids.  

Reductions in habitat connectivity also appear to be significant.  The extensive network 
of levees that run from approximately Vance Creek downstream to the estuary reduces access to 
lateral and off-channel habitats.  In addition, these levees may also result if fish that have been 
washed into the floodplain during overbank flows being trapped and isolated from mainstem 
habitats.  Finally, dry channels during summer low flow block adult migration to significant 
proportions of the watershed. 

Although there is no quantitative data available to evaluate channel and bed stability in 
the Skokomish River, the literature suggests that the aggrading conditions of this system would 
result in unstable habitat that would be detrimental to salmon.  Local scour and fill, sufficient to 
scour salmon redds, would be expected to occur at relatively low discharges relative to a system 
where sediment inputs and transport capabilities are in equilibrium (Tripp and Poulin 1986).  In 
addition, frequent (i.e., yearly) avulsions and abandonment would be expected in the braided 
system, which would isolate salmon redds and juvenile salmonids rearing in those channels.  The 
potential significant impacts of channel and bed instability and the lack of information in the 
Skokomish Basin would make this an important data gap to address in the future. 

Although finer scale habitat issues such as reduced riparian cover, decreased summer 
flows, increased summer temperatures, decreased LWD, and decreased pool habitat exist, they 
likely don‟t impact salmon in the Skokomish Basin to the same degree as the larger scale habitat 
issues discussed above.  Riparian conditions in the basin are somewhat degraded, but conditions 
also vary considerably.  Decreased summer flows are a significant issue in the basin; however, 
the new Cushman FERC agreement will address one of the primary concerns.  However, 
subsurface flows in Vance Creek and the South Fork Skokomish need to be addressed.  Summer 
temperatures appear to be only a sporadic issue in the basin, occurring primarily in the lower 
basin.  LWD and pool habitat abundance is degraded in the system and is perhaps the greatest 
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concern of these fine scale issues.  Although pool habitat appears to be reduced in the system, the 
quality of the existing pools, based on depth, seems to be adequate for juvenile salmonids.  

Current Habitat Conditions for All Species: Off-Channel Pond Habitat 

Off-channel ponds provide critical habitat to juvenile salmonids, especially during winter 
storm events (i.e., Peterson 1982a, Peterson and Reid 1984; Cederholm and Scarlett 1991).  
However, the physical characteristics of these ponds can influence fish growth and survival 
(Peterson 1982b).  For example, fish growth generally decreases, while survival generally 
increases in deeper ponds relative to shallow ponds (Peterson 1982b).  In addition, the 
availability of cover and open spaces lacking cover can influence fish use in ponds and lakes 
(Tabor et al. 2006).  For this reason, we evaluated the availability and conditions of off-channel 
ponds in the Skokomish Basin.  Habitat availability was completed using a GIS assessment to 
determine the spatial distribution and extent of off-channel ponds in the system, while site 
specific physical conditions within the ponds was assessed by visiting randomly selected site 
within off-channel pond habitat (see Appendices B and C for details). 

Our GIS habitat assessment identified 28 different off-channel ponds that could 
potentially be accessible to anadromous salmonids (Table 11, Figure 26). The total surface area 
and perimeter of these ponds was 20.3 ha and 29,499 m, respectively.  The ponds ranged in size 
from 0.08 to 4.96 ha, and averaged 0.7 ha.  Since the ponds were smaller than 8 ha, they were all 
classified as palustrine systems.  Two ponds were classified as being outside the anadromous 
zone.  Pond #21 was located on a terrace and lacked an obvious egress channel to the N.F. 
Skokomish or McTaggart Creek and pond #20 was dry during the summer and had no outlet to 
the mainstem Skokomish River during the winter.  All the remaining ponds were determined to 
be within the trout, coho, or bull trout zone.  Ponds #26, #27, and #28 were outside the Chinook 
and chum zone.  In addition, pond #25 was outside the chum zone.   

We selected 14 sites within these ponds for summer sampling.  These sites were located 
within six of the 26 different off-channel ponds.  Four of these sites (two each in two ponds) 
were dry during the summer and therefore were not sampled.  We selected 20 pond sampling 
sites for winter sampling.  These sites were located in seven different ponds.  Two sites were 
located in a pond (# 14) that was completely chocked with aquatic vegetation (i.e., no open 
water) and therefore were not sampled.  Two additional sites in another pond (#20) were not 
sampled because the pond lacked a connection to the river channel (located in the middle of an 
agricultural pasture). 

Cover was relatively abundant in the ponds we sampled during both summer and winter 
(Table 12).  Terrestrial and aquatic vegetation provided the most cover area in both the nearshore 
and offshore transect at most sites during both summer and winter.  Many of the transects were 
completely covered by these cover types.  For example, many of the transects had bottoms that 
were covered entirely by aquatic vegetation.  Small and large woody debris piles were the next 
most common cover types.  Some large woody debris was occasionally present, while rock and 
undercut bank cover was rare.  These results are reflected in the proportion of the transect area 
covered by the different cover elements (Table 11, Table 12).  The lack of open space with no 
cover, observed during the summer, could reduce the quality of pond habitats for juvenile 
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salmon, since juvenile salmon appear to move away from complex habitats at night to rest near 
the bottom in open areas lacking cover (Tabor et al. 2002). 

Pond depths were relatively consistent among the sites we sampled (Table 14).  In 
general, nearshore depths were around 1 m, ranging from 0.46 to 1.9 m.  Offshore depths 
averaged just less than 2 m, ranging from 0.96 to 2.61.  Depths were consistent between summer 
and winter sampling events.  These depths suggest that only the shoreline would have provided 
rearing habitat for newly emerged juvenile salmonids, but the rest of the pond habitat would be 
used after about 4 months of rearing.  Tabor et al. (2006) found that most juvenile Chinook 
salmon in Lake Washington were found in water less than 0.5 m deep through April and that it 
wasn‟t until May that a majority of the fish used depths up to 2 m.  However, the dense aquatic 
vegetation covering the pond bottoms we sampled may influence fish distribution within the 
ponds, since it may serve as a „false bottom‟ resulting if fish perceiving the depth as shallower 
than that we measured (Tabor et al. 2006).  The depths of the ponds we surveyed would suggest 
that they would be relatively productive habitats, but may have reduced overwinter survival 
relative to deeper ponds (Peterson 1982b).   

The bank slope at the sites we surveyed was relatively gradual and became flatter the 
further you moved from shore (Table 15).  There were no major differences at the sites between 
summer and winter surveys.  The bank angles of the first 1.5 m of the pond averaged between 25 
and 30o during the summer and winter; ranging from approximately 19 to 37o during the summer 
and 15 to 51o during the winter.  The bank angle from 1.5 to 3 m offshore averaged 
approximately 12o during summer and winter and ranged from approximately 3 to 33o during the 
summer and 1.5 to 25o during the winter.  These slopes are within the range found to be preferred 
by juvenile Chinook salmon in riverine habitat (Cedar River, R. Peters, FWS, unpublished data) 
and thus would likely provide quality habitat for early rearing juvenile salmonids. 

The substrate at the pond sites sampled was not very diverse, with only fine substrate 
(<2mm), substrate from 2-16 mm in size, or aquatic vegetation observed at our transects (Table 
16).  Aquatic vegetation and fine substrate were the primary dominant substrates during the 
summer, with aquatic vegetation the most common dominant substrate type (both nearshore and 
offshore).  In contrast to summer observations, fine substrate was the dominant substrate at most 
sites during the winter.  Aquatic vegetation was the subdominant substrate at all but one of the 
remaining sites (nearshore transect at S-09), where substrate 2-16 mm in size was the 
subdominant substrate.  As discussed above, the presence of dense aquatic vegetation covering 
the bottom may limit juvenile salmonid use of the ponds at during the summer.  This is due to 
juvenile salmonids preference for open areas away from cover at night (Tabor et al. 2002, R. 
Peters, FWS, unpublished data).   
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Table 11.  Surface area (ha), perimeter length (m), potential fish use, and the number of sites sampled 
within off-channel pond habitat identified during the current assessment of the Skokomish Basin (GIS based 
assessment 1:1,000).  Fish zones (i.e., trout zone, chum zone) represent areas that are assumed to be accessible to 
these fish species.  Trout zone includes areas where either cutthroat trout or steelhead were present.  See Figure 26 
for their location in the Skokomish Basin. 

Pond # 
Area 
(ha) 

Perimeter 
(m) 

Trout 
Zone 

Coho 
Zone 

Chum 
Zone 

Chinook 
Zone 

Bull Trout 
Zone 

Number of sample sites 
Summer Winter 

1 0.3 924.6 Yes Yes Yes Yes Yes 1 1 
2 0.4 529.6 Yes Yes Yes Yes Yes 0 0 
3 0.2 753.7 Yes Yes Yes Yes Yes 0 0 
4 0.5 540.0 Yes Yes Yes Yes Yes 0 0 
5 0.2 266.4 Yes Yes Yes Yes Yes 0 0 
6 1.6 2143.8 Yes Yes Yes Yes Yes 0 2 
7 0.2 519.2 Yes Yes Yes Yes Yes 0 0 
8 0.1 236.1 Yes Yes Yes Yes Yes 0 0 
9 0.1 187.0 Yes Yes Yes Yes Yes 0 0 
10 0.1 216.5 Yes Yes Yes Yes Yes 0 0 
11 0.2 522.2 Yes Yes Yes Yes Yes 0 0 
12 3.0 3316.1 Yes Yes Yes Yes Yes 4 4 
13 0.1 397.1 Yes Yes Yes Yes Yes 0 0 
14 1.5 1599.8 Yes Yes Yes Yes Yes 0 0 
15 5.0 6324.4 Yes Yes Yes Yes Yes 4 8 
16 0.4 1429.8 Yes Yes Yes Yes Yes 0 0 
17 0.3 1215.5 Yes Yes Yes Yes Yes 0 0 
18 0.5 702.8 Yes Yes Yes Yes Yes 0 0 
19 0.6 845.4 Yes Yes Yes Yes Yes 0 0 
20 1.4 1756.2 No No No No No 0 0 
21 1.1 624.8 No No No No No 0 0 
22 0.2 422.7 Yes Yes Yes Yes Yes 0 0 
23 0.3 617.0 Yes Yes Yes Yes Yes 0 0 
24 0.4 720.3 Yes Yes Yes Yes Yes 0 0 
25 0.4 265.6 Yes Yes No Yes Yes 0 0 
26 0.5 922.8 Yes Yes No No Yes 1 1 
27 0.4 988.3 Yes Yes No No Yes 0 0 
28 0.2 511.8 Yes Yes No No Yes 0 0 
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Figure 26.  Location of ponds in the Skokomish Basin.  Labels in yellow indicate ponds that were sampled 
for fish abundance and habitat conditions.  Ponds labeled with yellow backgrounds contained sites sampled during 
this study, those with a white background were not.  Landmarks, marked by triangles include, the Skokomish Tribal 
Center (STC), George Adams Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish 
Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground 
(BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD). 
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Table 12.  Proportion of each nearshore transect surface area (450 m2) comprised of various coarse cover 
types in the Skokomish Basin ponds during the summer of 2008 (8/20-9/24) and winter of 2009 (2/23-4/8). 

 

Season 
Pond

# Site 
Aquatic 

vegetation 
Terrestrial 
vegetation 

Small woody 
debris and brush 

Small 
debris piles 

Large 
debris piles 

Large woody 
debris 

Summer 1 S-05 0.33 0.03 0.08 0 0 0 
 12 S-09 0.67 1.00 0.14 0.39 0.23 0.01 
  S-21 0.17 0.50 0.02 0.77 0.27 0 
  S-25 0 1.00 0.21 1.00 0 0.22 
  S-29 0.20 1.00 0.21 1.00 0 0.02 
 15 S-10 0.67 0.11 0.16 0.01 0 0 
  S-14 1.00 0 0.01 0.03 0 0.01 
  S-19 1.00 0.67 0.02 0.02 0 0 
  S-22 1.00 0.67 0 0.09 0 0.01 
 26 S-16 0 0 0 0.12 0 0.05 
Winter 1 S-05 0 0.33 0.05 0 0 0.02 
 6 S-15 0 0.33 0.04 0.07 0.18 0 
  S-31 1.00 0 0 0.05 0.17 0.02 
 12 S-09 0 0.26 0.17 0.33 0.09 0.03 
  S-21 0.16 0.33 1.00 0 1.00 0 
  S-25 0.33 1.00 1.00 0.67 0.07 0.01 
  S-29 1.00 1.00 0.49 0.40 0 0 
 15 S-03 1.00 0 0.07 0.02 0.11 0.00 
  S-10 0.33 1.00 0.12 0.05 0.10 0.01 
  S-14 0.20 1.00 0 0.01 0 0.01 
  S-19 0.33 1.00 0 1.00 0 0 
  S-22 0.33 1.00 0 1.00 0.07 0.01 
  S-23 1.00 0 0.04 0 0.18 0.03 
  S-34 0.50 1.00 0.03 0.07 0.30 1.00 
  S-35 0.67 1.00 0.01 0.20 0.00 0.03 
 26 S-16 0 1.00 0 0 1.00 0 
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Table 13.  Proportion of offshore transect surface area (450 m2) comprised of various coarse cover types in 
Skokomish Basin ponds during the summer 2008 (8/20-9/24) and winter of 2009 (2/23-4/8). 

 

Season 
Pond 

# Site 
Aquatic 

vegetation 
Terrestrial 
vegetation 

Small debris 
piles 

Large 
debris piles 

Large woody 
debris 

Summer 1 S-05 0 0 0 0 0 
 12 S-09 0.13 1.00 0.63 0 0 
  S-21 0 1.00 0.55 0.10 0.02 
  S-25 0 1.00 0 0 0 
  S-29 0 1.00 0 0 0 
 15 S-10 0.67 0 0 0 0 
  S-14 1.00 0 0 0 0 
  S-19 1.00 0 0 0 0 
  S-22 1.00 0 0 0 0 
 26 S-16 0 0 0.05 0 0.04 
Winter 1 S-05 0 0.50 0 0 0 
 6 S-15 0 0 0 0 0.01 
  S-31 0 0 0.01 0.03 0.03 
 12 S-09 0 0 1.00 0 0 
  S-21 1.00 0.04 0.02 0.02 0.01 
  S-25 1.00 0 1.00 0.02 0 
  S-29 1.00 0 1.00 0 0 
 15 S-3 0 0 0 0 0 
  S-10 0 1.00 0 0.03 0 
  S-14 0 1.00 0 0.03 0 
  S-19 0 1.00 1.00 0 0 
  S-22 0 1.00 1.00 0 0.01 
  S-23 0 0 0 0 0 
  S-34 0 1.00 0.01 0.07 0.01 
  S-35 0 1.00 0.01 0.04 0.01 
 26 S-16 0 1.00 0 1.00 0 
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Table 14.  Mean and standard error (SE) for the depth at nearshore and offshore transects of each sampled 
Skokomish River pond during summer of 2008 (8/20-9/24) and winter of 2009 (2/23-4/8). 

 

  Nearshore Offshore 
Pond # Site Mean (m) SE  Mean (m) SE  

 Summer 

      
1 S-05 1.39 0.23 2.33 0.25 
12 S-09 0.63 0.06 2.11 0.27 
 S-21 0.62 0.05 1.22 0.19 
 S-25 1.19 0.11 1.88 0.14 
 S-29 1.19 0.16 1.98 0.19 

15 S-10 1.02 0.12 1.3 0.15 
 S-14 1.12 0.21 1.42 0.17 
 S-19 1.06 0.13 1.94 0.14 
 S-22 1.42 0.10 2.08 0.15 

26 S-16 1.01 0.13 1.26 0.17 
Mean all 1.07 0.086 1.75 0.130 

      
 Winter 

      
1 S-05 1.90 0.05 1.55 0.15 
6 S-15 1.15 0.17 1.65 0.58 
 S-31 0.82 0.21 1.97 0.52 

12 S-09 0.76 0.10 2.55 0.12 
 S-21 0.77 0.07 1.56 0.23 
 S-25 1.22 0.19 2.28 0.16 
 S-29 1.16 0.19 2.56 0.18 

15 S-03 0.76 0.12 0.96 0.28 
 S-10 0.81 0.06 2.14 0.23 
 S-14 0.64 0.12 1.38 0.42 
 S-19 0.71 0.08 2.34 0.27 
 S-22 0.99 0.07 2.2 0.09 
 S-23 1.06 0.18 1.6 0.30 
 S-34 1.23 0.11 2.61 0.20 
 S-35 0.98 0.12 2.07 0.12 

26 S-16 0.46 0.06 1.02 0.18 
Mean all 0.96 0.084 1.90 0.132 
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Table 15.  Mean slope angle (degree) at 1.5 m and 3 m from shore of nearshore transects in Skokomish 
Basin ponds during summer of 2008 (8/20-9/24) and winter of 2009 (2/23-4/8). 

 

  1.5 m 3 m 
Pond # Site Mean  SE  Mean  SE  

 Summer 

      
1 S-05 28.63 5.23 33.32 7.55 
12 S-09 19.59 2.90 6.79 2.16 
 S-21 19.67 2.14 5.60 3.69 
 S-25 34.14 4.69 9.55 4.30 
 S-29 32.44 6.45 12.48 4.15 

15 S-10 31.15 3.22 6.97 3.34 
 S-14 29.55 5.72 15.75 6.51 
 S-19 28.58 4.05 15.77 3.53 
 S-22 37.72 2.94 17.14 3.44 

26 S-16 31.58 5.19 3.53 8.56 
Mean all 29.31 5.78 12.69 8.67 

      
 Winter 

      
1 S-05 51.36 1.16 1.52 2.75 
6 S-15 31.35 2.37 13.37 9.16 
 S-31 18.99 4.82 18.32 7.80 

12 S-09 21.49 3.05 11.88 3.57 
 S-21 22.97 2.24 9.81 1.47 
 S-25 28.04 6.31 25.47 2.31 
 S-29 29.82 5.97 16.93 6.34 

15 S-03 24.59 5.35 3.57 1.81 
 S-10 24.79 2.59 7.93 1.89 
 S-14 17.50 3.63 11.79 3.77 
 S-19 23.33 4.09 3.81 1.20 
 S-22 29.29 2.54 10.12 2.56 
 S-23 25.47 6.82 20.95 2.67 
 S-34 35.17 4.17 10.49 2.51 
 S-35 27.04 3.30 14.39 3.10 

26 S-16 15.51 3.31 2.78 3.66 
Mean all 26.69 8.38 11.45 6.78 
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Table 16.  Dominant and subdominant substrate types along nearshore and offshore transects of Skokomish 

Basin ponds.  1=less than 2mm particle size; 2=2-16mm particle size; 7=plants. 

 

Season Pond # Site 
Nearshore Offshore 

Dominant Subdominant Dominant Subdominant 
Summer 1 S-05 1 - 1 - 
 12 S-09 7 1 1 7 
  S-21 1 7 1 7 
  S-25 7 1 7 1 
  S-29 7 1 7 1 
 15 S-10 7 - 7 - 
  S-14 7 - 7 - 
  S-19 7 - 7 - 
  S-22 7 - 7 - 
 26 S-16 7 - 7 - 
Winter 1 S-05 1 - 1 - 
 6 S-15 1 - 1 - 
  S-31 1 - 1 - 
 12 S-09 1 2 1 7 
  S-21 1 7 7 1 
  S-25 1 7 7 1 
  S-29 1 7 7 1 
 15 S-03 1 1 1 1 
  S-10 1 7 1 7 
  S-14 1 7 1 7 
  S-19 1 7 1 7 
  S-22 1 7 1 7 
  S-23 1 1 1 1 
  S-34 1 7 1 7 
  S-35 1 7 1 7 
 26 S-16 1 - 1 - 

 

Water temperatures at the pond sites we sampled were within appropriate ranges (Bjornn 
and Reiser 1991; Richter and Kolmes 2005) for juvenile salmonids (Table 17).  Summer 
temperatures averaged approximately 15°C, which is well below lethal limits.  These 
temperatures exceeded the optimum temperature (8-11oC) for growth efficiency listed by Brett et 
al. (1969), but not those reported (14-17°C) by Richter and Kolmes (2005).  The differences 
observed in the temperature ranges providing for the most efficient growth between Brett et al. 
(1969) and Richter and Kolmes (2005) are likely due to differences in procedures and/or 
acclimation temperatures used prior to the experiments.  Thus, based on these different results, 
it‟s likely that the temperatures we observed are at the upper end of the temperatures providing 
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for optimum growth of juvenile salmonids.  Four sites had temperatures greater than 19oC, which 
is still below lethal levels (Bjornn and Reiser 1991, Marine and Cech 2004).  As expected, 
temperatures were much cooler in the winter than during the summer.  The observed 
temperatures were within the optimum range for growth efficiency listed by Brett et al. (1969), 
but below those listed by Richter and Kolmes (2005).  Thus, winter temperatures appear to be on 
lower end of the temperature range providing for optimal growth efficiency. 

DO was relatively consistent between nearshore and offshore transects during both 
summer and winter (Table 17).  Dissolved oxygen (DO) was slightly greater at the nearshore 
transect than the offshore transect, possibly due to wave and/or photosynthesis activity.  
However, four summer nearshore sites had DO values less than 5 mg/l, which is generally 
considered detrimental to salmonids.  At two nearshore sites and four offshore sites, summer DO 
levels were less than 3 mg/l.  Additionally, DO levels often fluctuate diurnally and even lower 
levels may have occurred early in the morning before aquatic macrophytes began actively 
photosynthesizing.  As expected, DO values were also much greater during the winter surveys 
than they were during the summer surveys, and were also a bit greater in nearshore areas than 
offshore areas.  DO levels during the summer were less than 8 mg/l, where food conversion 
efficiency in salmonids is inhibited (Davis 1975; Alabaster et al. 1979).  The DO levels 
measured in the Skokomish River pond habitats was less than that observed in off-channel ponds 
in other systems.  For example, Peterson (1982a) measured DO levels in off-channel ponds of 
the Clearwater River during the winter and found DO levels were greater than 7 mg/l in all cases 
and generally greater than 10 mg/l.  Given this, further and more detailed evaluations of DO in 
these off channel ponds are warranted. 

Water turbidity was relatively low among nearshore and offshore transects during 
summer and winter (Table 17).  Water turbidity levels of less than 3 Nephelemetric Units 
(NTUs), as generally observed in this study, are generally not considered to impact juvenile 
salmonids foraging (i.e., Bash et al. 2001) or growth (Sigler et al. 1984).  In fact, juvenile coho 
salmon don‟t avoid turbid waters until turbidity levels reach about 70 NTU (Bisson and Bilby 
1982).  Although, the turbidity levels we observed during our sampling were low, this could be 
somewhat biased by the fact that we didn‟t sample during high flow events, since we wouldn‟t 
have been able to complete our snorkel surveys to assess fish abundance.  Thus, our results may 
be biased towards lower turbidity levels since turbidity may have increased in the ponds during 
high flow events, especially if the ponds were inundated.  Although, this may have occurred, our 
sampling suggests that potential turbidity issues would likely be short in duration, thereby 
limiting their impacts.  

Water pH was lower in offshore transects relative to nearshore transects during both 
summer and winter, and was also reduced during the winter relative to summer (Table 17).  The 
differences in pH values we observed between summer and winter are possibly due to 
differences in density and photosynthesis activity of aquatic vegetation.  Water pH 
measurements were taken shortly after dusk and pH levels may have been somewhat lower at 
dawn during the winter due to reduced photosynthesis activity.  Regardless, all pH levels appear 
to be within a normal range for juvenile salmonids.  The acidic conditions observed at the 
offshore transects during the winter is concerning, since the levels observed (i.e. pH ~ 5.1) would 
potentially impact survival and impair smolt development (McCormick et al. 2009). 
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Salinity was extremely low (< 0.05 ppt) at the pond sites we sampled (Table 17), 
suggesting that saltwater intrusion rarely occurs.  In fact, nearly all values were zero and those 
that weren‟t, were close to zero.   

Based on the water quality data we collected, there does not appear to be any major water 
quality issue during the winter in pond habitats of the Skokomish watershed.  However, summer 
water quality measurements indicated DO levels could be low enough to impact salmonids.  Two 
sites, S-9 and S-21, had DO levels less than 3 mg/l, yet abundance of coho salmon fry was 
relatively high.  DO levels were only taken at one spot in the water column and coho salmon fry 
may be using other areas in the water column with greater DO levels.  To get a more complete 
picture of DO levels, measurements need to be taken diurnally throughout the summer and 
throughout the water column.  Additionally, summer DO levels may fluctuate from year to year 
based on weather conditions and thus, DO levels need to be measured over several years.   

Off-channel habitat in the Skokomish Basin appears to be abundant and in relatively 
good condition relative to providing habitat for juvenile salmonids.  Twenty-six ponds were 
determined to lie within the anadromous zone, with 23 of these likely accessible to Chinook 
salmon.  Water depths and bank angles associated with the pond margins were within the 
preferred range for juvenile salmonids.  The water depths (<3 m) would be expected to provide 
productive habitats that would provide ample food for juvenile salmonids; however, overwinter 
survival may be somewhat reduced at these depths (Peterson 1982b).  The dense mats of aquatic 
vegetation covering the bottom could reduce habitat quality for fish since open spaces preferred 
at night (Tabor et al. 2006) would be lacking.  However, this would need to be evaluated further 
before any management recommendations could be proposed.  With the exception of DO, water 
quality within the ponds is within the appropriate range for juvenile salmonids.  Thus, off-
channel pond habitat appears to be abundant and of sufficient quality to provide substantial 
rearing for juvenile salmonids. 

 

 
Table 17.  Mean and SE values for Dissolved Oxygen (DO) (mg/l), temperature, turbidity (NTU), pH, and 

salinity (parts per thousand (ppt) across all sampled Skokomish River pond sites in both nearshore and offshore 
transects during summer and winter. 

  Nearshore    Offshore  
 Summer Winter  Summer Winter 
 Mean SE Mean SE  Mean SE Mean SE 

DO (mg/l) 6.27* 0.82 8.09 0.30  5.41* 0.79 7.10 0.73 
Temperature 
(°C) 15.62 1.46 8.69 0.29  15.41 1.46 7.58 0.77 

Turbidity 
(NTU) 2.78 0.67 2.17 0.20  2.81 0.76 1.08 0.32 

pH 8.97 0.05 6.79 0.88  8.50 0.51 5.09 0.76 
Salinity (ppt) 0.03 0.02 0.01 0.01  0.02 0.01 0.04 0.04 

 
* Four data points each were less than 5mg/l 
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Combined, 9,000 fish were observed along 52 transects (nearshore/offshore and 
summer/winter combined (Table 18).  The total area surveyed of nearshore transects was only 
50% larger than offshore transects; however, 7.4 times as many fish were observed along the 
nearshore transects as the offshore transects.  The number of fish per transect was generally 
higher during the summer than the winter (summer, 376 fish/transect; winter 261 fish/transect).  
This was due in large part to the large number of small juvenile coho salmon observed during the 
summer along some transects.  There also appeared to be large differences in fish species 
composition and abundance between ponds.  For example, only a few brook trout (n = 35; 8.8 
fish/transect) were observed in Pond #26; whereas, in Pond #15 5,598 fish were observed (233 
fish/transect) representing 10 fish species.  Sixty-four percent of all fish were threespine 
stickleback, which were commonly observed in both summer and winter.  Juvenile salmonids 
consisted primarily of coho salmon (90.7% of all juvenile salmonids).  Other juvenile salmonids 
included Chinook salmon, cutthroat trout, and chum salmon.  Large trout were frequently 
encountered in ponds.  Based on other sampling, the vast majority of trout in ponds appear to be 
cutthroat trout.  Sculpin, which are a common inhabitant of lowland systems of the Puget Sound, 
were occasionally observed; however, their abundance was lower than expected.  Dense 
vegetation and woody debris as well as their coloration patterns (well-camouflaged) may have 
limited our ability to observe them.   The number of non-native fishes included 35 brook trout in 
Pond #26 and 20 largemouth bass, one unidentified ictalurid, and one common carp in Pond 
#15.combined;  



81 

 

 

Table 18.  Number of fish observed along 150-m transects in Skokomish River ponds, summer 2008 (8/20-
9/24) and winter of 2009 (2/23-4/8).  Trout includes cutthroat trout and steelhead.  Other fish includes lamprey, 
chum salmon, brook trout, common carp, catfish, largemouth bass, and flounder. 

 

Location Season 
Pond 

# 
Number of 
transects Chinook Coho Trout Stickleback Sculpin Other 

Nearshore Summer 1 1 0 787 1 77 13 2 
  12 4 22 728 26 565 14 0 
  15 4 0 27 0 1,470 1 14 
  26 1 0 0 0 0 0 14 
  total 10 22 1,542 27 2,112 28 30 
 Winter 1 1 0 8 0 1 1 1 
  6 2 10 134 1 34 2 1 
  12 4 17 156 74 258 69 2 
  15 8 138 318 61 2,805 12 10 
  26 1 0 0 0 0 0 3 
  total 16 165 616 136 3,158 84 17 
Offshore Summer 1 1 0 130 2 0 3 0 
  12 4 21 5 1 7 0 0 
  15 4 0 90 1 384 0 3 
  26 1 0 0 3 0 0 15 
  total 10 21 225 7 391 3 18 
 Winter 1 1 0 9 5 5 60 4 
  6 2 3 40 3 48 11 1 
  12 4 0 0 6 0 3 0 
  15 8 23 89 3 71 4 7 
  26 1 0 0 0 0 0 3 
  total 16 26 138 20 127 78 12 

 

A series of univariate regression analyses were conducted to examine the relationship 
between pond habitat variables and fish abundance.  Habitat variables examined included percent 
cover (aquatic and terrestrial vegetation, woody debris piles, and large woody debris), 
complexity score (combined score of cover types), depth, slope, and predator abundance (density 
of large predatory fishes).  Densities of each major fish category (threespine stickleback, 
sculpins, trout, juvenile coho salmon, and juvenile Chinook salmon) were analyzed separately.  
Because few fish were observed in the offshore transects, analyses were limited to the nearshore 
transects.  In general, few habitat variables were closely related to nearshore fish abundance.   
The strongest relationship was between winter trout density and total coarse cover area as well as 
complexity score (Figure 27).  This relationship was substantially reduced if each of the cover 
types was examined separately with trout density. 

Regression analyses were also conducted just for Pond #15 transects (number of 
transects: summer, n = 4; winter, n = 8) to determine if using one pond would reduce the 
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variability between transects.  Other ponds could not be used due to a small sample sizes.  In 
general, there was little improvement in the regression analyses by just using Pond #15.  
However, the density of juvenile Chinook salmon was slightly negatively related to mean depth 
and slope (Figure 28).  These results are consistent with research of juvenile Chinook salmon in 
lentic waters (Sergeant and Beauchamp 2006; Tabor et al. 2006).  Additionally, trout density was 
slightly positively related to slope (r2 = 0.33). 

We also compared substrate type with fish densities.  Because there were only two 
categories (with and without plants), we used the Mann-Whitney U test to make comparisons.  
For winter samples, the only significant comparison was with trout density (Figure 29).   
Transects where the dominant substrate was plants had a significantly higher density of trout 
than transects with sand/silt as the dominant substrate.  Summer sample sizes were too small to 
make any comparisons.  However, the two sites with the highest number of juvenile coho salmon 
in the summer were also the only two sites where plants (aquatic macrophytes) were not the 
dominant substrate type.  This result may be an artifact of our surveys being only conducted at 
night.  Juvenile coho salmon appear to move away from complex habitats at night to rest near the 
bottom in more open areas (Tabor et al. 2002). 

 

 
 
Figure 27.  Relation between cover (total cover area and a complexity score) and winter trout density 

(#/m2) in Skokomish Basin ponds.  Cover area and the complexity score incorporate aquatic and terrestrial 
vegetation, small and large woody debris piles, and large woody debris.  Based on other sampling, the vast majority 
of trout in ponds appear to be cutthroat trout.  
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Figure 28.  Relation between slope (%) and mean depth (m) with juvenile Chinook salmon density (#/m2) 
in Pond #15, winter 2009 (2/24-3/26).   

 

 
Figure 29.  Winter median fish density (#/m2) of transects with two different dominant substrate types.  

Asterisk indicates a significant difference between the two substrate types (Mann-Whitney U test; P < 0.05).   
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Results of our pond surveys indicated off-channel ponds are routinely used by salmonids 
and other fishes.  Ponds can provide valuable habitat during both winter and summer.  However, 
ponds are generally considered more important for winter habitat by providing refuge from high 
discharge events (Peterson 1982a) and providing ideal foraging conditions (Peterson 1982b).  In 
some systems, winter habitat limits salmonid smolt production and off-channel ponds can be an 
integral element of winter habitat.  For example, enhanced off-channel ponds on Fish Creek in 
Oregon represented less than 1% of the Fish Creek Basin habitat but contributed 50% of the coho 
salmon smolt production (Reeves et al. 1991).  In the Skokomish Basin, off-channel ponds 
appear to provide valuable winter habitat for coho salmon, Chinook salmon, and cutthroat trout.  
The only salmonid species to use the ponds extensively in the summer was coho salmon.  The 
importance of off-channel ponds as summer habitat is unclear.  Ponds likely provide good 
foraging conditions; however, low DO levels, possible increased predation risk (e.g., from 
largemouth bass), and reduced connectivity to the mainstem may limit their value as summer 
habitat.  

Construction and rehabilitation of off-channel ponds is considered a valuable tool in 
habitat restoration efforts (Frissell and Ralph 1998).  We identified 28 different off-channel 
ponds with a total area over 20 ha.  Therefore, a fair amount of pond habitat already exists but 
habitat conditions and connectivity to the mainstem are not well known.  A closer examination of 
each pond is needed to ensure that they are adequately connected to the mainstem.  If they are 
not well connected, rehabilitation efforts are needed.  Managers should also look for new 
opportunities where a pond could be constructed.  Shallow ponds (maximum depth < 2 m) are 
more productive than deeper lakes (maximum depth > 3 m) but juvenile salmonids may have 
lower survival rates in shallow ponds (Peterson 1982b).  An ideal pond may be a shallow pond 
that has numerous cover aspects (e.g., woody debris) to reduce predation risk.  Shallow ponds 
may be less expensive to construct but may require more maintenance once sediments and 
vegetation limit the amount of open water.   

Rehabilitation efforts could also consider the removal of non-native predatory fishes.  Of 
the five ponds we examined, two had non-native predatory species that could impact survival of 
juvenile salmonids and other fishes.  An inventory of all ponds is needed to determine the overall 
distribution of non-native fishes.  Largemouth bass were present in Pond#15.  Largemouth bass 
are native to eastern North America and have been widely introduced in North America 
including the Pacific Northwest.  They typically inhabit ponds, lakes, and slow-moving rivers.  
Their greatest impact on salmonid populations appears to be in rearing lakes of juvenile coho 
salmon (Reimers 1989; Bonar et al. 2005).  Adult brook trout were present in Pond#26.  Brook 
trout are also native to eastern North America and have been widely introduced.  In lakes where 
they occur, they appear to an important predator of juvenile salmonids inhabiting the littoral zone 
(Biro et al. 2008). 

Current Habitat Conditions for All Species: Estuarine and Nearshore Habitat 

The Skokomish estuary is the largest and most complex river estuary in Hood Canal, 
historically covering 799 ha (1,974 acres) at the Skokomish River mouth and Hood Canal 
interface (Todd et al. 2006).  However, direct (diking) and indirect (sediment inputs, water 
withdrawal) effects have altered the estuary significantly.  Habitats have been altered leading to 
the Skokomish stream-delta complex being rated as severely impaired (Todd et al. 2006). 
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The Skokomish estuary likely to consist of diverse array of habitats including, old-growth 
riparian forests, emergent freshwater marshes, salt marshes, tidal channels, and mud flats 
historically (Skokomish Tribe and WDFW 2010).  However, the current estuary has been 
significantly changed from historic conditions due to human alterations.  Human induced 
changes to the Skokomish estuary began prior to 1885, when the Bureau of Indian Affairs 
facilitated land clearing for agricultural and residential uses (Todd et al. 2006).  In addition, the 
land management activities in the upper watershed would have influenced the physical 
characteristics near this time by increasing bank erosion and sediment delivery to the system.  
Extensive diking in the estuary began in the late 1930s, which would have isolated habitats and 
influenced hydraulic (both riverine and tidal) and sediment transport characteristics in the 
estuary.   

Direct changes to the estuary have eliminated the old-growth riparian forests and isolated 
tidal channels.  Bortleson et al. (1980) classified historic and current riverine nearshore wetlands 
in the Skokomish Basin as intertidal (5 km2 vs. 4.5 km2) and subaerial (2.1 km2 vs. 1.4 km2) and 
determined that they have been reduced by 10 and 33 percent, respectively.  Collins and Sheikh 
(2005) classified these same historic habitats as estuarine (2.6 km2), riverine tidal (0.3 km2) and 
palustrine (4.0 km2).  Of this habitat a majority was composed of emergent estuarine wetlands 
(~70%) with the remaining wetlands divided nearly equally among scrub-shrub estuarine and 
riverine-tidal wetlands (Collins and Sheikh 2005). In contrast, the current Skokomish estuary 
lacks riverine-tidal wetlands, while emergent estuarine wetlands are similar to their historic 
values and scrub-shrub estuarine wetlands have nearly doubled in their availability (Collins and 
Sheikh 2005).   

Recent restoration of the Skokomish estuary has been reversing the loss of estuarine 
habitat.  Restoration began naturally in the mid-1990s when the outer dike of Nalley Island was 
breached during a storm.  Additional estuarine restoration occurred recently with extensive dike 
removal and borrow ditch filling at Nalley Slough (2007) and Nalley Island (2010).  These 
restoration projects reclaimed approximately 324 acres of estuarine habitat in the Skokomish 
estuary (ESRP 2010).   

Indirect changes to the estuary have also occurred and have substantially influenced 
current habitat conditions.  Increased sediment inputs and the diversion of water out of the basin 
in the upper basin have resulted in physical changes in the estuary.  Deposition has occurred on 
the inner delta, while erosion has occurred on the outer delta, resulting in the steepening of the 
delta surface (Jay and Simenstad 1996).  The total area of unvegetated tidal flats has decreased 
by about 2%, while highly productive low intertidal surface area (15-19%) and eelgrass (Zostera 
marina) habitat (17%) have decreased substantially more.  Aggradation in the estuary has also 
resulted in the development of salt marsh islands and general extension of salt marshes within 
the estuary.  In addition, sediments have become finer within the inner delta (Jay and Simenstad 
1996). 

We found little information regarding eelgrass habitat specific to the Skokomish estuary.  
Jay and Simenstad(1996) state that eelgrass habitat in the estuary has been reduced by 17% due 
to increased sediment deposition and delta steepening resulting from increased sediment inputs 
upstream and out of basin water diversion.  Thom and Hallum (1990) report that between 32.5 
and 35.2 percent of Hood Canal shoreline is occupied by eelgrass based on surveys completed by 
WDF between 1975 and 1989 and the coastal zone atlas (1977).  Thus, it appears that the loss of 
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eelgrass habitat throughout the greater Hood Canal area has not been as great as that in the 
Skokomish estuary. 

Riverine and estuarine aggradation has also impacted tidal influence in the stream-estuary 
ecotone, which appears to be shifting downstream (Skokomish Tribe and WDFW 2010).  It was 
reported to extend to approximately 14.5 km (9 mi) upstream of the river mouth to the an area 
near the confluence of the North Fork and South Fork Skokomish Rivers (Jay and Simenstad 
1996).  Skokomish Indian Tribe and WDFW (2010, citing Marty Ereth, former Skokomish tribal 
biologist, personal communication) place the extent at approximately 5.6 to 6.4 km upstream of 
the mouth (3.5-4 mi).  Our fish collection data, suggests that tidal influence may actually have 
shifted even further downstream to approximately 4 km (2.5 mi) upstream of the mouth. 

Although the authors realize that the nearshore habitat adjacent to the Skokomish estuary 
provide important habitat for juvenile salmonids and other fish species found in Hood Canal, 
these nearshore areas are outside the scope of this GI.  Thus, they are not covered in this report.  
In addition, Puget Sound nearshore habitats have been described in detail in the Puget Sound 
Nearshore Ecosystem Restoration Project, which is a cost-shared GI by the USACE and WDFW. 
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Skokomish Basin Conditions: Biological Characteristics 

 

Dating back to the early 1900s, biologists have used various metrics describing aquatic 
biological communities to elucidate the status and trends of water bodies, especially lakes and 
rivers (Cairns and Pratt 1993). In particular, benthic macroinvertebrates and algae have been 
commonly used as indicators of fresh water quality. Benthic macroinvertebrates are a group of 
organisms (insects, worms, and crustaceans) that reside in the benthos (bottom substrates) of 
freshwaters (e.g., rivers and lakes) for at least part of their life cycle. Those organisms that are 
retained in sampling nets of mesh sizes > 200-500 µm are termed "macro", which distinguishes 
them from other more microscopic animals and multicellular organisms. Periphyton is a term 
that describes a community of autotrophs and detritivors growing on surfaces of the benthos. The 
largest component of periphyton is algae, particularly diatoms that use sunlight to fix carbon 
dioxide (CO2) in the biochemical process of photosynthesis. Periphyton forms the base of the 
aquatic food web and is grazed upon by many different macroinvertebrate taxa (as well as some 
vertebrates, such as larval frogs), which in turn provide food for stream dwelling fish, birds, and 
herepetofauna. 

Biological monitoring, or biomonitoring, is the practice of using biological responses to 
evaluate changes in the environment. Although changes can be natural, most biomonitoring 
programs have been established to detect changes due to anthropogenic impacts. Aside from 
changing in predictable ways to the impacts of pollution and habitat degradation, 
macroinvertebrates and periphyton have qualities that make them good candidates as 
bioindicators. They are ubiquitous, have a large number of species and a diverse array of life 
history requirements, spend long periods of time (or their entire life) in the effected habitat, and 
are relatively sedentary compared with the spatial grain and extent used in most biomonitoring 
studies. Benthic macroinvertebrate communities, in particular, integrate the effects of multiple 
stressors across multiple spatial and temporal scales and, in effect, continuously monitor the 
conditions of the water they inhabit (Rosenberg and Resh 1993).  

We collected periphyton and macroinvertebrates samples from the same 29 locations in 
the Skokomish River watershed from 25 August - 14 October, 2009 in riffle habitats. Details of 
the methods used to collect the samples can be found in Appendix C. 

 

Primary and Secondary Producers 

Primary Producers: Periphyton 
We collected periphyton from the same 29 locations in the Skokomish River watershed, 

including sites in the mainstem, South Fork Skokomish, North Fork Skokomish, and 5 different 
tributaries.  Periphyton are a group of organisms typically used in bioassessments worldwide 
(e.g., Lange-Bertalot 1979, Van Dam et al. 1994, Patrick 1973).  We analyzed the standing crop, 
or amount of biomass present at the time of sampling as well as the diatom community structure 
based on taxa richness and relative abundance.  Taxa richness, the total number of unique diatom 
taxa found at a given site, averaged 32 species (range 13 – 56; Table 19) Although taxa richness 
was higher in mainstem sites (35) than in tributary sites (27), this difference was not statistically 
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significant (Kruskall-Wallis test = 3.0, P = 0.08). Shannon diversity (base2) averaged 3.31, 
ranged from 0.60 to 4.56. The amount of chlorophyll-a, an estimate of the algal component of 
periphyton standing crop, averaged 26.5 mg/cm2 (range 2.3 – 207.9, Table 19). 

We used periphyton as bioindicators by calculating numeric biocriteria for each site 
based on the taxa present and their abundances.  These biocriteria are based on the concept that 
certain taxa will increase or decrease in abundance in the presence of a particular disturbance 
(see appendix C for more details).   Scores for the three biocriteria metrics generally scored well 
across all mainstem and tributary sites (Table 19). Taxa derived scores for the siltation index, 
pollution index, and metals index showed 90%, 100%, and 59% of the streams scoring at the 
“excellent” level, respectively. The majority of the sites not scoring in the excellent category for 
metals scored in the “good” category, suggesting that overall metal impairment is not widespread 
in the Skokomish River watershed. The only site scoring a “poor” ranking for any metric was 
Pine Creek, which showed possible impairment from metals (Table 19). This site had the lowest 
diatom richness (13) and Shannon diversity (0.60) of all the sites sampled. The scores for the 
Montana bioindex, a multimetric index similar to Index of Biotic Integrity (IBI) and based on 
Montana streams, revealed that the 89% and 64% of the mainstem and tributary sites were in 
good or excellent condition, respectively.  
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Figure 30. Locations where periphyton and invertebrate samples were collected during the summer of 

2009.  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon 
Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout 
Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and 
Upper Cushman Dam (UCD).
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Table 19. Summaries of diatom assemblage metrics and bioindicator scores for 29 study sites where periphyton was sampled in the Skokomish River watershed. 
Bioindicator scores for siltation, pollution, and metals impacts, as well as a B-IBI based on diatom assemblages, were derived from work in Montana (Bahls 1993, Teply and Bahls 
2005) which represents one of the most comprehensive regional studies available. Full summary statistics are provided in Appendix JJD_2. 

Site Site 
Code 

Taxa 
Richness 

Shannon 
Diversity* 

Chl-a 
(mg/cm2) 

Siltation 
Biocriteria 

Pollution 
Biocriteria 

Metals 
Biocriteria 

Montana 
Bioindex 

MS Skok 2-23 45 4.31 33.42 Excellent Excellent Excellent Good 
MS Skok 2-31 41 3.92 18.48 Excellent Excellent Good Good 
MS Skok 2-28 50 4.56 33.31 Excellent Excellent Excellent Excellent 
MS-ONP Index ONP Index 26 2.62 15.44 Excellent Excellent Excellent Good 
NF Skok 2-01 30 2.61 207.92 Excellent Excellent Good Good 
NF Skok 2-26 56 3.87 7.46 Excellent Excellent Excellent Good 
SF Skok 2-06 42 3.99 17.77 Excellent Excellent Excellent Excellent 
SF Skok 2-12 20 2.24 6.74 Excellent Excellent Fair Fair 
SF Skok 2-30 26 2.94 10.75 Excellent Excellent Good Good 
SF Skok below Canyon 2-33 47 4.21 25.92 Excellent Excellent Excellent Excellent 
SF Skok 2-37 38 3.82 7.40 Excellent Excellent Excellent Good 
SF Skok 2-38 22 3.22 4.34 Excellent Excellent Good Good 
SF Skok 2-42 19 2.77 42.52 Excellent Excellent Good Fair 
SF @ Vance SF Vance 28 2.87 8.87 Excellent Excellent Excellent Good 
SF Skok Old NF/SF CF SFONF 24 3.05 53.66 Excellent Excellent Excellent Good 
MS Skok  below new CF SFNNF 41 3.57 2.33 Excellent Excellent Good Good 
SF Skok 2-08 42 4.24 70.10 Good Excellent Excellent Good 
SF Skok 2-10 35 3.71 17.72 Excellent Excellent Excellent Good 
Browns Cr. 2-14 29 3.50 13.14 Excellent Excellent Excellent Good 
Browns Cr. 2-17 28 3.37 14.08 Good Excellent Excellent Good 
Church Cr. 2-15 18 2.15 24.80 Excellent Excellent Good Fair 
McTaggert Cr. 2-18 25 2.81 3.12 Excellent Excellent Excellent Fair 
McTaggert Cr. 2-64 28 3.16 26.42 Excellent Excellent Good Good 
McTaggert Cr. 2-67 30 3.47 7.85 Excellent Excellent Excellent Good 
McTaggert Cr. 2-69 26 2.82 16.46 Excellent Excellent Good Good 
Vance Cr. 2-13 34 3.74 10.07 Fair Excellent Good Fair 
Vance Cr. 2-29 31 3.93 20.16 Excellent Excellent Excellent Good 
Vance Cr CF Vance 31 3.95 16.07 Excellent Excellent Excellent Excellent 
Pine Cr. 2-63 13 0.60 31.61 Excellent Excellent  Poor Poor 
* Shannon diversity based on Log(base2) 
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Secondary Producers: Macroinvertebrates 
We also collected benthic macroinvertebrate samples using a slack sampler, a net with 

500 µm mesh used for sampling benthic organisms that captures dislodged individuals from a 
1.25 m2 portion of the river bottom.  We conducted this sampling concurrent with the 29 
locations where we collected periphyton (Table 20; Figure 30; see appendix C for additional 
details on sampling and processing methods).  Across all sites, invertebrate abundance averaged 
6835 individuals per sample (range 1578 – 18,648), high values that are generally indicative of 
waters in good condition with high primary and secondary productivity.  Differences between 
mainstem Skokomish River sites (mean 7232, Standard Deviation (SD) = 3380) and tributary 
sites (mean 6187, SD – 5238) were not statistically different (t = 0.66, P = 0.52). Taxa richness, 
or the total number of unique taxa at each site, averaged 48 (range 37-66) and was moderate to 
high across sites. There were no sites with relatively few taxa, a common effect on 
macroinvertebrate communities inhabiting degraded waters. Differences between mainstem 
(mean 46.4, SD = 6.5) and tributary (mean 51.4, SD = 6.1) were statistically different (t = -2.1, P 
= 0.05). The relatively high taxa richness and abundance was reflected in Shannon diversity 
values that averaged 2.86 and ranged from 1.92 – 3.40.  Differences in Shannon diversity were 
not different between mainstem and tributary sites (t = -0.88, P = 0.39). 

Similar to the approach taken with periphyton, we calculated two multimetric indices for 
each location and estimated the biological condition based on comparisons with other data that 
spanned conditions from severely degraded to relatively pristine reference conditions.  The B-IBI 
scores based on Karr‟s (1998) index showed that none of the sites sampled were degraded to a 
level for B-IBI classification of low biological integrity (Table 20).  Of the 18 Skokomish River 
sites, 15 were scored as having moderate biological integrity and 3 were scored as having high 
biological integrity. This was in contrast to the tributary sites, which had a much higher 
proportion of sites scoring in the highest integrity category. Of the 11 tributary sites, nine were 
rated as having high biological integrity. The four sites in McTaggert Creek were scored as 48, 
48, 50, and 50, sites in Brown‟s and Church Creeks scored > 46, and Pine Creek scored 48 
(Table 20), with the highest possible index score being 50. The only two tributary sites that 
scored moderate condition were in Vance Creek. Specific details of the 10 metric scores used to 
calculate Karr‟s B-IBI, as well as other biocriteria for each site are provided in an appendix 
(Appendix C).  

When Celedonia‟s (2004) large river B-IBI was used, the Skokomish River sites had 
higher scores than the scores based on Karr‟s B-IBI, which was developed for smaller, wadeable 
streams. The large river B-IBI had 14 sites scored as being in excellent condition and 4 sites in 
good condition. Although there were qualitative differences between the two multimetric 
approaches, this should be expected because the criteria that they use to make comparisons are 
based on different metrics and a different suite of reference streams and rivers. Also, Celedonia‟s 
B-IBI site ranking has 4 categories (excellent, good, fair, poor) whereas Karr‟s index has three 
categories, which may also lead to differences in the results between the two indices. 
Nevertheless, the two B-IBI indexes were in general agreement that none of the 18 Skokomish 
River sites were of low/poor biological integrity.  

Both of the B-IBIs used for assessment of Skokomish watershed condition, one for 
streams and smaller rivers and the other for larger rivers, strive to balance structural and 
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functional community attributes (Karr and Chu 1999, Celedonia 2004). These multimetric 
indices are expected to discriminate among differentially impacted sites based on independently 
derived criteria that likewise discriminates, but is often more expensive to conduct, among 
gradients of disturbance. As pointed out by Caledonia (2004), the metrics selected are but a small 
subset of available attributes and should balance structural and functional categories, respond to 
gradients of human disturbance in a predictable fashion, and can effectively separate minimally 
disturbed from severely impacted sites.  

We also created a graphical representation of a suite of metrics for each site, inclusive of 
the 10 metrics used for Karr‟s index as well as a suite of other informative metrics (Figure 31). 
This approach shows a matrix of columns (sites) and rows (biocriteria metrics) with each cell in 
the matrix being colored according to the Karr‟s B-IBI score for that metric at a particular site. 
The color scheme used is that of a heat map, where red indicates low biological condition, 
yellow indicates moderate biological condition, and green indicates high biological condition. 
The columns are arranged into groups of mainstem, north Fork Skokomish, south Fork 
Skokomish, and tributary sites. Reading the heat map allows for visual interpretation of how 
each metric score varies across different study sites (reading across a row), as well as indicating 
the biological condition of a particular site is across a suite of different macroinvertebrate metrics 
that are generally indicative of impairment (reading down a column).  

The heat map (Figure 31) reveals some interesting trends in metric scores useful for 
interpreting differences in biological condition, especially between mainstem and tributary sites. 
Particularly notable is that long-lived taxa in the mainstem Skokomish River watershed are 
depauperate, with 75% of mainstem, 50% of North Fork Skokomish, 75% of the South Fork 
Skokomish, and 45% of tributary sites having low numbers of long-lived macroinvertebrate taxa. 
This could be due to a lack of channel roughness caused by high embeddedness (see habitat 
results below) decreasing the quantity of interstitial spaces in the stream bed, the lack of habitat 
complexity, scour effects of a highly mobile river bottom, or the lack of wood boles or other 
habitat features that long-lived species use as spatial refugia during high flows. A shift in the 
proportion of long-lived to shorter-lived taxa following disturbance has been shown for multiple 
trophic levels and taxonomic groups, including stream macroinvertebrates (e.g., Davies and 
Jackson 2006). Another functional taxonomic attribute, the percent of shredder 
macroinvertebrates, was also low. This invertebrate group contains a wide range of taxa that feed 
upon allochthonous organic material provided by surrounding riparian forests and represents an 
important nutrient source for stream communities (reviewed by Cummins et al. 1989). The 
course particulate organic matter processed by shredders into fine particulate matter is utilized by 
other invertebrate species along the river continuum (Vannote et al. 1980). The paucity of 
shredders present could be due to the fact that most of the sites occurred in stream and river 
reaches with low vegetation and riparian canopy cover. Also, lack of channel and habitat 
complexity, especially log jams and other features that would help retain allochthonous material, 
could be playing a role in the paucity of shredders present. 
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Table 20. Summaries of macroinvertebrate assemblage metrics and B-IBI scores for 29 study sites where 
invertebrates were collected from riffle habitats in the Skokomish River watershed. The B-IBI was based on Karr 
(1998) and calculated using 10 metrics whereas the Large River B-IBI of Celedonia (2004) was based on 9 metrics 
(see text). A more comprehensive set of macroinvertebrate assemblage statistics are available in Appendix JD_1. 

Site Site 
Code 

Total 
Abundance 

Taxa 
Richness 

Shannon  
Diversity 

Karr‟s 
B-IBI* 

Lg. River 
B-IBI** 

MS Skok 2-23 2388 42 2.30 30-M 8.3-E 
MS Skok 2-31 5078 53 3.11 40-H 9.4-E 
MS Skok 2-28 3992 49 2.96 36-M 8.3-E 
MS Skok ONP Index ONPindex 5986 47 3.19 40-H 9.4-E 
NF Skok 2-01 9543 46 3.10 38-M 10.0-E 
NF Skok 2-26 9792 41 2.39 38-M 8.3-E 
SF Skok 2-06 1832 46 2.82 44-H 7.2-G 
SF Skok 2-12 12,864 40 2.77 36-M 8.9-E 
SF Skok 2-30 12,288 48 3.09 40-M 8.9-E 
SF Skok below Canyon 2-33 3681 66 3.34 38-M 9.4-E 
SF Skok 2-37 5356 46 3.01 38-M 9.4-E 
SF Skok 2-38 11,232 40 2.70 36-M 7.8-G 
SF Skok 2-42 6276 52 2.95 42-M 9.4-E 
SF @ Vance SF Vance 7349 49 3.14 38-M 8.9-E 
SF Old NF/SF CF SFONF 8144 47 2.58 32-M 8.3-E 
MS Skok below new CF SFNNF 5032 44 2.68 36-M 8.3-E 
SF Skok 2-08 11,271 42 2.65 36-M 6.1-G 
SF Skok 2-10 8064 37 1.92 30-M 6.7-G 
Brown‟s Cr. 2-14 3294 46 2.44 40-H n/a 
Brown‟s Cr. 2-17 4592 50 3.02 42-H n/a 
Church Cr 2-15 2796 46 3.00 40-H n/a 
McTaggert Cr. 2-18 5324 60 3.40 50-H n/a 
McTaggert Cr. 2-69 5078 60 3.24 48-H n/a 
McTaggert Cr. 2-67 5151 60 2.89 48-H n/a 
McTaggert Cr. 2-64 2957 47 2.79 50-H n/a 
Vance Cr. 2-13 4723 46 2.96 46-H n/a 
Vance Cr.  2-29 13,920 47 2.73 36-M n/a 
Vance Cr. CF Vance 18,648 49 2.59 34-M n/a 
Pine Cr. 2-63 1578 55 3.16 48-H n/a 
*10 metric B-IBI modified from Karr (1998) Top B-IBI score = 50; H = High biological integrity (BIBI Scores > 
40), M = Moderate biological integrity (BIBI Scores between 25-39), L = Low biological integrity (BIBI Scores 
between 0-24) based on comparisons with a Pacific Northwest montane stream with high biological integrity (Bob 
Wissman, ABA, personal communication). 
**Lg River IBI – 9 metric B-IBI based on M.T. Celedonia (2004) and intended for larger river systems in western 
Washington. See text for details.  
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Figure 31.  Heat map showing scores for several macroinvertebrate bioindicator metrics for study sites sampled in the Skokomish River watershed. The 

first 10 metrics (shaded gray) were used to create B-IBI scores (Karr 1998) based on comparisons with a Pacific Northwest montane stream with high biological 
integrity, whereas the others were scored by Bob Wissman (personal communication), a regional expert in macroinvertebrate taxonomy Cells were coded green 
(high biological integrity), yellow (moderate biological integrity) and red (low biological integrity) and columns were ordered by channel type and ecology. 
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Linking Primary and Secondary Species Assemblages to Environmental Data 
In addition to the multimetric and reference condition methods discussed above, we also 

examined the macroinvertebrate and periphyton data using a suite of multivariate statistics (See 
appendix C for detailed methods).  We discuss the results for each test separately for 
macroinvertebrate and diatom data. 

The multi-dimensional scaling (MDS) plot for macroinvertebates (Figure 32) revealed 
that community structure differed among tributary, mainstem, and South Fork Skokomish sites, 
with clear separation occurring in the plot among these three site groups. On average, tributary 
sites were grouped together in the MDS plot (i.e., thus, by definition, more similar to each other 
in assemblage structure) than they were to South Fork Skokomish or mainstem sites. The South 
Fork Skokomish and mainstem sites also shared more within group similarity than among 
different groups, but the differences were not as strong as found in the tributary sites. The stress 
value of the macroinvertebrate ordination was 0.20, at the upper limit for interpretable results in 
MDS (Clarke and Ainsworth 1993). 

The two-way Analysis of Similarities (ANOSIM) procedure in Primer, which was used to 
examine the variability in species composition among groups of sites, confirmed the visual 
interpretation of the MDS plots for macroinvertebrates that there were differences in assemblage 
structure among groups. We looked at two different ways to group the data. R values were 
significant for both type of channel (Mainstem, South Fork Skokomish, and Tributary; R = 0.46) 
and confinement (R = 0.65) (Table 21). Pair-wise comparisons for channel type suggested that 
tributary sites were significantly more different from South Fork Skokomish (R = 0.51) sites than 
they were from mainstem sites (not significantly different). Mainstem sites were also 
significantly different from South Fork Skokomish sites, based on pair-wise comparisons.  

The MDS plot for diatoms also revealed separation among stream channel types, 
although there appeared to be much more overlap among groups than seen in the 
macroinvertebates. The stress value of the ordination was 0.17, within the level of interpretable 
structure recommended by Clarke and Ainsworth (1993). This assessment was confirmed by the 
lower ANOSIM scores (Table 21) seen among sites (R = 0.3). Unlike the macroinvertebrate 
results comparing confined versus unconfined reaches, there was not a significant difference due 
to confinement in the diatom assemblage structure (Figure 32, Table 21). The trend in pair-wise 
comparisons between different sites mirrored the results seen for macroinvertebrates; significant 
differences in assemblage structure occurred between mainstem/tributary sites and South Fork 
Skokomish sites, with mainstem and tributary sites not being significantly different.  

To further explore the possible causes for differences in assemblage structure, we looked 
at univariate and multivariate approaches that linked environmental variables to the MDS plots 
of assemblage structure. We began with an ordination of the 14 environmental variables, which 
produced a Principal Component Analysis (PCA) that showed some separation among the 
different channel types (Figure 33). The first axis separated tributary from mainstem and South 
Fork Skokomish sites and was largely correlated with bank full width, water temperature, wetted 
width, and velocity. The second axis separated mainstem sites from tributary sites, and was 
correlated with increased cobble and embeddedness and decreasing levels of gravel. While the 
results were statistically significant, the two PCA axes explained only 35% of the variability in 
the data. 
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Figure 32. Non-metric multidimensional scaling plots of macroinvertebrate and diatom community composition data (both 4th-root transformed) 

collected from mainstem, tributary, and South Fork Skokomish study sites. The upper row of panels represent 3 views of the same ordination of 
macroinverebrate data, whereas the lower row shows the diatom ordination. Far left panels have points labeled according to whether a site was confined (open 
circle) or unconfined (shaded circle). Center panels are labeled with bubble plots that are proportional to the site scores for bankfull width (macroinvertebates) or 
embeddedness (diatoms). Far right panels are labeled with bubble plots that are proportional to the site score for riffle length (macroinvertebates) or % cobble 
(diatoms). 
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Table 21.  Results of two-way crossed ANOSIM (Analysis of Similarities) with river type (mainstem 

(MS), South Fork Skokomish (SF), tributary (TR)) and confinement (confined, unconfined) as factors. The 
significance of global R values and pair-wise comparison R values were computed with 999 permutations and exact 
statistics are given in parentheses. Pair-wise comparisons were computed only when the global test was significant. 

   Pair-wise Comparisons 

Dataset Factor Global R MS-SF MS-TR TR-SF 

Macroinvertebrate Type 0.46 (0.001) 0.32(0.02) 0.21(0.18) 0.51(0.001) 

 Confinement 0.65 (0.001)    

Diatoms Type 0.3 (0.005) 0.46 (0.003) 0.25(0.25) 0.24 (0.04) 

 Confinement 0.1 (0.27)    

 

Next, as explained in the methods section in detail, we used the Bio-Env routine in 
Primer to match triangular similarity matrices of biological (macroinvertebrate or diatom) and 
environmental data. The idea is to search multiple subsets of environmental data for those that 
maximize the correlation between biological and environmental ordinations. We performed a 
step-wise searching routine using Primer's BVSTEP and found a moderate level of rank 
correlation between the biological and environmental resemblance matrices. For the 
macroinvertebrate assemblage data, the top 10 combinations of environmental data produced 
rank correlation coefficients ranging between 0.369 and 0.343 (Table 22). The variables 
appearing in the most sub-sets included bank full width (6 of 10 models), wetted width (10 of 
10), and water depth (6 of 10).  

The Bio-Env results for diatoms also showed a moderate level of rank-correlation among 
the 10 top subsets of data (Table 23). The top models had a rank correlation of 0.450 and were 
composed of either 5 (bank full width, water temperature, conductivity, % boulder, and % 
cobble) or 4 (water temperature, conductivity, % boulder, and % cobble) variables. Water 
temperature (7 of 10), % cobbles (10 of 10) and conductivity (10 of 10) appeared in the top 10 
subsets of environmental data. Interestingly, a different suite of variables were significant for the 
two different Bio-Env procedures run for diatoms and macroinvertebrates. This suggests that 
different environmental factors may be responsible for the distribution, abundance, and 
assemblage structure in these two communities. However, much more study would be required, 
as we examined only a small number of possible explanatory variables.  
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Figure 33. Results from correlation-based principal components analysis (PCA) of 14 environmental 

variables collected at macroinvertebrate and diatom collection sites. The PCA explained 38% of the variance within 
the first two principal components. Sites are denoted by channel type (mainstem, tributary, and South Fork 
Skokomish) and labeled with study codes. Eigen vectors reflect variable loadings (direction and magnitude) on each 
axis. 

 

 

Finally, we plotted the a few of the variables that showed up in the majority of subset 
models from the Bio-Env routine as bubble plots in the original MDS ordinations. This 
univariate approach is another way to visualize gradients that may play a meaningful role in 
separating groups of sites from one another in the species assemblage space visualized in the 
MDS plots. The size of the bubbles is proportional to the variable score at each site. When 
superimposing bank full width as bubbles on the MDS plot, the smaller size of tributary sites 
compared with South Fork Skokomish sites becomes apparent (Figure 32). The mainstem sites 
have, on average, smaller bank full widths than the South Fork Skokomish sites. A gradient 
among South Fork Skokomish bank full widths also exists and it appears that the within this 
group the macroinvertebrate assemblages of wider South Fork Skokomish sites are more similar 
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to each other than to other South Fork Skokomish sites with smaller bank full widths. Riffle 
length also was smaller in riffles than mainstem or South Fork Skokomish sites, although the 
gradients are not as large as those seen for bank full widths. The bubble plots for diatoms 
exposed a large gradient in % cobble, but not as large of a difference in embeddedness (Figure 
32). For % cobble, the distribution of bubble sizes was not related to channel type, as sites from 
mainstem, South Fork Skokomish, and tributary sites had some sites with large and small % 
cobble values. Nevertheless, there was a tendency for sites with larger % cobble to group 
together in the diatom MDS plot, suggesting that the diatom communities were being influenced 
by substrate size, in addition to channel type. 

A final observation about the macroinvertebrate communities observed in the Skokomish 
River watershed was the lack of snails, pea clams, and crustaceans in the samples. These taxa are 
fairly common in mid- to low-elevation streams in western Washington (Bob Wissman, Aquatic 
Biology Associates, personal communication). The skeletons of mollusks and crustaceans are 
composed of calcium carbonate and thus sufficient levels of calcium must be in the environment 
for these animals to occur or survive (Greenway 1985). Lack of these invertebrates may be 
indicative of low calcium levels, which may be a natural occurrence due to the underlying 
geology. Additional studies are required to explain this preliminary finding of limited mollusk 
and crustacean populations throughout the Skokomish Basin. 

 

Table 22. Best subsets of environmental variables whose triangular similarity matrix had the highest 
Spearman's correlation coefficient with the macroinvertebrate similarity matrix using the BVSTEP routine of 
Primer. Subsets of possible variables were Bankfull width (BFW), gradient, Riffle Length, Wetted width, Water 
Depth, Water Velocity, Water Temperature, Conductivity, % boulder, %cobble, %gravel, %sand, %silt, and 
embeddedness. 

No. 

Variables 
Correlation 

Coefficient 
Selected Variables 

5 0.369 BFW, Wetted Width, Depth, %Cobble, % Sand 
5 0.358 BFW, Wetted Width, Depth, % Gravel, % Sand 
4 0.356 BFW, Wetted Width, %Cobble, % Sand 
4 0.351 BFW, Wetted Width, Depth, % Gravel, % Sand 
5 0.349 Length, Wetted Width, Depth, %Cobble, % Sand 
5 0.349 BFW, Wetted Width, % Gravel, % Sand, %Silt 
5 0.348 Wetted Width, Depth, %Cobble, % Sand, embeddedness 
5 0.347 BFW, Wetted Width, %Cobble, % gravel, % Sand 
1 0.346 Wetted Width 
5 0.343 Wetted Width, Depth, %Cobble, % Sand 
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Table 23.  Best subsets of environmental variables whose triangular similarity matrix had the highest 
Spearman's correlation coefficient with the diatom similarity matrix using the BVSTEP routine of Primer. Subsets of 
possible variables were Bankfull width (BFW), gradient, Riffle Length, Wetted width, Water Depth, Water 
Velocity, Water Temperature, Conductivity, % boulder, %cobble, %gravel, %sand, %silt, and embeddedness. 

No. 

Variables 
Correlation 

Coefficient 
Selected Variables 

5 0.450 BFW, Temperature, Conductivity, %boulder, %Cobble 
4 0.450 Temperature, Conductivity, %boulder, %Cobble 
4 0.441 BFW, Temperature, Conductivity, %Cobble 
3 0.438 Conductivity, %boulder, %Cobble 
5 0.432 Temperature, Conductivity, %boulder, %Cobble, % gravel 
2 0.432 Conductivity, %Cobble 
3 0.431 BFW, Conductivity, %Cobble 
5 0.427 BFW, Temperature, Conductivity, %Cobble, % gravel 
4 0.424 BFW, Temperature, Conductivity, %Cobble 
5 0.418 BFW, Temperature, Conductivity, %Cobble, % gravel 

Habitat Conditions at Primary and Secondary Sampling Locations 
There was a great deal of similarity between mainstem and tributary sites in both 

macroinvertebrate and periphyton biocriteria scores, yet these two river types usually differ in 
habitat features important to biological communities. Thus, we collected a suite of habitat 
measurements relevant to macroinvertebrate and periphyton communities at two spatial scales 
and then tested for differences between mainstem and tributary sites. The first scale characterized 
microhabitat within the 1.25 m2 slack sample location where macroinvertebrates and periphyton 
were collected. At this scale, differences in habitat features such as particle size (e.g., boulder vs. 
sand), water velocity (slow vs. fast) and depth can drive differences in community structure in 
two otherwise similar river reaches. The second spatial scale measured the riffle from where 
slack samples were collected. Again, differences in important features such as particle size, water 
depth, vegetative cover (shading), and velocity at this scale can drive differences in biological 
communities living in riffles.  

Aside from the size of the riffles and the wetted width of the channel (which are generally 
larger in mainstem rivers compared to tributaries), mainstem and tributary sites were similar in 
many of the measured habitat characteristics (Table 24). The average length of sampled riffles 
was longer in mainstem sites (50 m, range 22 m – 121 m) than in tributary sites (34 m, range 14 
m – 50 m) (Kruskall-Wallis test = 4.6, P = 0.03). Mainstem sites also had higher wetted widths 
(24 m, range 6 m – 49 m) than tributary sites (6 m, range 2 m – 11 m) (Kruskall-Wallis test = 
17.1, P < 0.001). Gradient for both mainstem and tributary sites was similar (0.56 % vs. 0.55%, t 
= -0.093, P = 0. 93), as was average embeddedness (2.1 for both, t = 0.26, P = 0.80), depth of 
slack sample (which was constrained by the study design to be less than 30 cm), and water 
velocity (0.37 vs. 0.32 m s-1t = 0.80, P = 0.43).  

We also estimated the particle size of substrate at the microhabitat and riffle scale (Table 
25). Both methods revealed that most of the riffles sampled were dominated by gravel. We 
averaged the 5 visual substrate scores (percentage of the river bed composed of fines, sand, 
pebble, gravel, cobble, boulder) collected at each riffle and found that gravel was the dominant 
substrate at 73% of the sites, with cobbles being the highest percentage at the remaining sites. 
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Average embeddedness scores, which rated the proportion and extent of substrate covered in 
sand or silt on a scale of 1 to 5 (1 = < 5%, 2 = 6-25%,  3 = 25-50%, 4 = 51-75% and 5 = >76%), 
was generally less than 3 for most sites, suggesting that less than 50% of the substrate within the 
slack frame was embedded by fines and sand. At the riffle level, the median D50 particle size 
across all sites was 49 mm (6.5 mm – 109.5 mm), with mainstem sites having significantly larger 
D50 than tributary sites (60 mm vs. 31 mm, respectively, Kruskall-Wallis test = 5.8, P = 0.02). 
The unit less ratio of D85:D15, measure of substrate variability was also significantly different 
between mainstem (13.2) and tributary (24.1) counts (Kruskall-Wallis test = 5.8, P = 0.02).
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Table 24. Location and habitat characteristics of 29 mainstem and tributary sites where macroinvertebrate and periphyton samples were collected from 25 August – 14 
October, 2009 in the Skokomish Basin, Washington (see Figure 30 for locations within the Skokomish Basin).  (UTM = Universal Transverse Mercator coordinate system) 

Site Site Code UTM 
Northing 

UTM 
Easting 

Wetted 

Width (m) 
Gradient 

(%) 
Riffle 

Length 

(m) 

Depth 
(m) 

Velocity 
(ms

-1
) 

Conductivity 
(µS) 

MS Skok 2-23 4-89-395 52-40-052 37 0.23 32 0.24 0.38 67.9 

MS Skok 2-31 4-85-256 52-40-217 34 0.18 38 0.18 0.48 80.2 
MS Skok 2-28 4-87-855 52-39-506 34 0.80 66 0.24 0.38 26.9 
MS-ONP Index ONP Index 4-75-209 52-62-294 29 0.56 52 0.21 0.24 92.0 
NF Skok 2-01 4-82-593 52-45-677 14 0.41 24 0.23 0.12 159.6 
NF Skok 2-26 4-82-340 52-44-533 6 0.58 36 0.19 0.25 68.5 
SF Skok 2-06 4-75-876 52-50-263 15 1.0 55 0.21 0.54 67.6 
SF Skok 2-12 4-66-135 52-56-684 18 0.78 65 0.15 0.22 27.9 
SF Skok 2-30 4-68-814 52-54-613 11 0.50 31 0.17 0.37 64.9 
SF Skok below Canyon 2-33 4-79-242 52-42-482 33 0.42 121 0.10 0.07 61.3 
SF Skok 2-37 4-80-000 52-41-501 49 0.87 43 0.16 0.64 68.1 
SF Skok 2-38 4-69-147 52-54-773 18 0.75 40 0.15 0.65 58.3 
SF Skok 2-42 4-66-530 52-55-897 12 0.24 64 0.22 0.45 65.5 
SF @ Vance SF Vance 4-80-965 52-40-471 20 0.27 69 0.21 0.38 66.7 
SF Skok Old NF/SF CF SFONF 4-81-689 52-40-272 11 0.18 64 0.18 0.37 58.7 
MS Skok  below new CF SFNNF 4-83-02 52-40-650 44 0.72 22 0.14 0.57 49.6 
SF Skok 2-08 4-78-067 52-47-320 26 0.59 34 0.18 0.34 72.4 
SF Skok 2-10 4-75-399 52-51-194 22 0.88 51 0.10 0.20 66.2 
Browns Cr. 2-14 4-77-025 52-52-393 6 0.98 39 0.19 0.43 66.2 
Browns Cr. 2-17 4-76-360 52-51-418 9 0.48 30 0.12 0.30 68.8 
Church Cr. 2-15 4-66-043 52-56-442 3 0.67 30 0.12 0.21 42.0 
McTaggert Cr. 2-18 4-82-429 52-49-220 4 0.48 40 0.15 0.17 60.5 
McTaggert Cr. 2-64 4-81-961 52-50-200 2 0.18 14 0.06 0.26 67.9 
McTaggert Cr. 2-67 4-82-830 52-48-083 6 0.62 27 0.16 0.40 64.5 
McTaggert Cr. 2-69 4-82-798 52-48-610 5 0.53 33 0.14 0.39 65.6 
Vance Cr. 2-13 4-76-028 52-41-941 11 0.96 39 0.21 0.53 74.4 
Vance Cr. 2-29 4-79-116 52-40-702 8 0.61 50 0.12 0.31 56.7 
Vance Cr CF Vance 4-80-570 52-40-186 7 0.53 32 0.08 0.33 85.3 
Pine Cr. 2-63 4-68-257 52-54-648 9 0.15 40 0.12 0.24 46.6 
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Table 25. Summary statistics from Wolman (1954) pebble count data of study riffles and average values of 
dominant substrate size and embeddedness from five 1.25 m2 samples of the stream bed where macroinvertebrates 
were sampled. D50 is the median particle size and D85:D15 is a unit less ratio that provides an estimate of particle size 
variability based on 100 randomly selected substrate particles (see Figure 30 for locations within the Skokomish 
Basin).   

Site Site Code D50 

(mm) 

D85:D15 Slack  

Dominant-% 

Embedded 

MS Skok 2-23 6.5 32.3 GR-95 2.2 
MS Skok 2-31 77.5 1.6 GR-81 1.6 
MS Skok 2-28 24.5 51.7 GR-67 3.0 
MS-ONP Index ONP Index 109.5 4.5 GR-56 2.8 
NF Skok 2-01 109.5 17.4 GR-55 1.6 
NF Skok 2-26 48.5 3.2 GR-75 1.0 
SF Skok 2-06 48.5 23.8 GR-41 2.4 
SF Skok 2-12 77.5 3.2 CO-46 2.6 
SF Skok 2-30 77.5 6.3 GR-68 2.2 
SF Skok below Canyon 2-33 48.5 8.8 GR-69 1.6 
SF Skok 2-37 77.5 2.2 GR-78 2.2 
SF Skok 2-38 77.5 4.5 GR-100 2.0 
SF Skok 2-42 77.5 8.9 CO-66 2.6 
SF @ Vance SF Vance 24.5 25.8 GR-86 2.0 
SF Skok Old NF/SF CF SFONF 48.5 6.2 GR-75 2.0 
MS Skok  below new CF SFNNF 24.5 11.9 GR-86 1.8 
SF Skok 2-08 77.5 17.4 CO-68 2.8 
SF Skok 2-10 48.5 8.8 GR-72 2.0 
Browns Cr. 2-14 77.5 33.5 GR-67 2.2 
Browns Cr. 2-17 12.5 25.8 GR-71 3.3 
Church Cr. 2-15 77.5 3.2 CO-44 2.2 
McTaggert Cr. 2-18 77.5 33.5 GR-47 2.4 
McTaggert Cr. 2-64 24.5 16.2 GR-86 2.0 
McTaggert Cr. 2-67 11 59.1 CO-50 1.2 
McTaggert Cr. 2-69 12 30.7 GR-35 2.0 
Vance Cr. 2-13 11 12.4 CO-53 2.2 
Vance Cr. 2-29 11 8.8 GR-73 1.6 
Vance Cr CF  11 8.8 GR-90 1.8 
Pine Cr. 2-63 12 33.5 CO-70 2.0 
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Conclusion: Primary and Secondary Producers 
Our assessment of both macroinvertebrate and periphyton communities, based on indices 

proven to respond in a predictable way to aquatic ecosystem impairment, showed that most sites 
sampled in the Skokomish Basin were of moderate to high biological integrity. We did document 
differences among mainstem and tributary sites for some metrics, but as of yet unanalyzed 
differences in the size of the streams, their hydrological regime, and the surrounding land-use 
undoubtedly interact to explain some of these patterns. Our assessment of the Skokomish River 
watershed did not find any sites that indicated severe impairment to biological condition. 
Additional analyses coupling environmental factors with biological assemblage structure for both 
periphyton and macroinvertebrates are warranted and should be pursued.   

We also note that our sampling occurred during a single season with a single sampling 
event occurring at each site. Although this level of effort is typical of watershed and regional 
scale studies, additional effort could find more detailed explanations for the patterns that we 
briefly described above and would be useful and necessary to make comparisons following any 
restoration actions that follow in the watershed. Morley et al. (2008), for example, studied 
macroinvertebrate and periphyton assemblage structure in the Elwha River for three years prior 
to dam removal. Although the patterns they describe for the current pre-dam removal conditions 
in the river above, between, and below the dams were generally consistent among years, there 
was some inter-annual variability which is expected for such dynamic ecological systems and 
should be accounted for when trying to determine the effects of restoration actions.  

Fish Assemblage 

Twenty-three species of fish have been identified in the Skokomish and South Fork 
Skokomish rivers (Watershed Management Team 1995); however, verification that Dolly 
Varden (S. malma) is present in the system has not been accomplished (Jeff Chan, FWS, 
personal communication).  Most of the identified fish are salmonids, including: Chinook salmon, 
coho salmon, chum salmon, rainbow trout/steelhead, cutthroat trout (O. clarki), bull trout, and 
mountain whitefish (Prosopium williamsoni), all of which are common in the Skokomish Basin.  
Sockeye salmon (O. nerka) and pink salmon (O. gorburscha) were historically found in the 
Skokomish River.  Five species of sculpin (Cottus sp.) are found in the Skokomish River, 
including prickly sculpin (C. asper), coast range sculpin (C. alecticus), riffle sculpin (C gulosus), 
Reticulate sculpin (C. perplexus), and shorthead sculpin (C. confusus).  River lamprey (Lampetra 
ayrsi), western Brook lamprey (L. richardsoni),), and Pacific lamprey (L. tridentate) have also 
been observed in the Skokomish Basin.   

Two WDFW hatcheries, George Adams and McKernan, currently release hatchery 
Chinook, coho, and chum salmon, and steelhead into the Skokomish Basin as on-station smolt 
releases, released at the hatchery.  However, these facilities have historically out-planted fry into 
other locations in the Skokomish Basin in addition to the on-station releases.  These two facilities 
release approximately 3.8 million Chinook; 300,000 coho; 8.5 million chum; and 34,000 
steelhead.  A third hatchery, Eels Springs raises cutthroat trout, rainbow trout, and kokanee for 
put-and-take fisheries in local lakes.  
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Juvenile Salmon Habitat Requirements and Status 

General Requirements for all Juvenile Salmonid Species 
All juvenile salmon spend at least a portion of their life in fresh water and have certain 

physical and biological requirements during these life history stages.  While the length of time an 
individual spends in fresh water varies significantly among species, all Pacific salmon, at a 
minimum, must incubate in the gravel as eggs and alevins, emerge as fry, and then migrate to sea 
after some length of time residing in the stream or other freshwater habitats (i.e., ponds).  Some 
species such as chum migrate to sea quickly and rely little on the resources and characteristics of 
the fresh water environment into which they hatch.  Others, such as steelhead, spend months or 
even years in fresh water and therefore require different and/or additional physical 
characteristics.  It is important to note that species which rely heavily on freshwater habitats to 
rear and grow generally do not spend much time in the estuary on their way to sea (e.g. coho and 
steelhead), while species that quickly migrate to sea (e.g. fall Chinook and chum) use the estuary 
for up to several weeks in preparation for their entry into salt water.  Therefore, while an 
individual species may not require all habitats that they encounter as juveniles to be intact, as an 
aggregate, salmon stocks in the Skokomish Basin require a continuum of intact habitats from 
incubation through their eventual migration to salt water.  

Incubation 
All juvenile salmon begin their lives as eggs deposited in the gravel by an adult salmon.  

At a basic level, the more water there is in a stream, the more spawning habitat is available, up to 
a point when high velocity flows begin to reduce available habitat and stream characteristics can 
be used to estimate this relationship (Stalnker and Arnette 1976; Bovee 1978, 1982, 1986, Bovee 
and Milhous 1978).  Once deposited into the substrate, DO, temperature, and channel stability 
are the three main factors that determine embryo survival and eventual emergence.  In general, 
embryos may survive if DO levels are less then saturation, but their development may deviate 
from normal (Doudoroff and Warren 1965).  Phillips and Campbell (1962) conclude that an 
average DO of 8.0 mg/L is sufficient for proper survival.  In a review, Bjornn and Reiser (1991) 
advise that levels should remain near saturation with no more than temporary drops below 5.0 
mg/L.  Temperature directly affects the saturation level of DO, but is also the main determinant 
of the hatch time of embryos.  There is some measure of species specificity which is discussed 
below, but generally salmon eggs need between 87 and 120 days to hatch at 5oC and 139 to 173 
days to emerge at the same temperature.  Although salmon eggs have the ability to hatch in a 
wide range of temperatures, the optimal temperature is between 5 and 11 oC (Murray and 
McPhail 1988).  Salmon eggs and alevins require a stable environment for incubation and early 
rearing.  Several studies have shown a negative relationship between egg-to-fry or smolt 
production with increased peak flow during incubation (e.g., Thorne and Ames 1987; Scrivener 
and Brownlee 1989; Seiler 1999).  This mortality may be related to physical scour of redds 
(Schuett-Hames et al. 2000), scour-related fine sediment intrusion into the redd (Devries 2000), 
or through burial as a result of gravel deposition and channel migration. 

The physical characteristics of the substrate which allow it to transmit water and the 
actual volume of water transferred per unit of time, are two commonly used variables to assess 
the suitability of a redd for incubation (Wickett 1954; Vaux 1968).  These two factors combine 
to determine the DO concentrations delivered to incubating eggs. Sheridan (1962) showed that 
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surface water was responsible for delivering DO, as opposed to groundwater, and that DO levels 
decreased with redd depth.  Embryo survival for several species of salmon have been directly 
linked to the apparent velocity of water through the redd (Cooper 1965; Coble 1961).    

The main effect on embryo survival and their eventual ability to emerge up through the 
gravel is the size and amount of fine sediment in the gravel.  The size of “fine sediment” 
particles varies from 0.84 mm up to 6.4 mm, with most studies agreeing on a category of less 
than 1 mm in diameter (McCuddin 1977; Stowell et al. 1983). Several studies have documented 
a negative trend between the percentage of fine sediment and embryo survival and emergence.  
Chapman (1988) reported that survival is not inhibited if less than 10% of the substrate is fine 
sediment, although at 15-20% fine sediment, dramatic reductions in survival have been 
documented (Holtby 1988).  While the exact size and percentage of fine sediment that inhibits 
embryo survival varies by study, the conclusions remain the same, fine sediment in the redd is 
the single biggest threat to embryo survival and emergence as it directly affects the temperature 
and DO regime that the eggs experience.    

Salmonid embryos are capable of surviving dewatering events for up to 5 weeks if 
temperatures remain in a suitable range, fine sediment does not impede air flow, and humidity 
stays at 100% (Reiser and White 1983).  Possibly in an effort to combat the possibility of 
dewatering, chum and sockeye salmon have been observed spawning in areas of groundwater 
upwelling (Lister et al. 1980).      

Salmon also require a stable incubation environment from the time of spawning through 
emergence.  Excessive bed scour or channel migration can significantly impact incubation 
survival.  Several studies have shown a negative relationship between egg-to-fry or smolt 
production with increased peak flow during incubation (e.g., Thorne and Ames 1987; Scrivener 
and Brownlee 1989; Seiler 1999).  These authors inferred that direct scour of eggs or embryos 
was the mechanism resulting in mortality.  However, no direct measurements of mortality were 
recorded.  Recent studies have examined scour in and/or adjacent to salmonid redds and have 
identified potential factors resulting in increased scour.  Salmonids have adapted to local scour 
conditions and bury eggs just below average scour depths (Montgomery et al. 1996).  Therefore, 
very little change in scour depth would be required to result in significant mortality.  Tripp and 
Poulin (1986) observed scour depths sufficient to destroy salmonid redds and this scouring was 
related to the frequency of landslides.  Schuett-Hames et al. (2000) concluded that scour can be a 
significant source of mortality and is positively related to channel complexity.   

Although scour related mortality has been inferred from several field studies, the actual 
mechanism of mortality remains unclear.  DeVries (2000) determined that scour sufficient to 
result in direct displacement or crushing of embryos in low gradient streams with sediment 
transport equilibrium was unlikely regardless of flood magnitude and duration.  He suggested 
that scour-related mortality was more likely in streams or stream reaches experiencing sediment 
transport imbalances.  This would occur in streams or stream reaches experiencing increased 
sediment inputs as a result of landslides or increased bank erosion (e.g., the landslides observed 
by Tripp and Poulin 1986).  He also suggested that scour-related fine sediment intrusion may be 
a more important mortality mechanism than direct redd scour.  Thus, it seems that sediment 
transport regimes of rivers may be as important, or perhaps more important than increased peak 
flows with respect to scour- or peak flow-related mortality of salmonid embryos.  

 



107 

 

 

Rearing 
After successfully hatching and emerging from the gravel, juvenile salmon enter the 

stream environment, where several factors affect their growth and survival: the physical 
environment, availability of food and competition for it, and predation.  Similar to their 
requirements for incubation, temperature and the associated level of dissolved oxygen provide 
the physical basis for juvenile salmon development.  In addition, suitable physical habitat 
characteristics such as water depth, current velocity, presence of wood, etc. are necessary for 
optimal growth to be attained.  The amount of food available for consumption is determined by a 
combination of factors including general stream productivity and competition with other animals.  
Finally, some measure of protection from predators is required to ensure survival to seaward 
migration. 

Physical Characteristics 
For most free swimming juvenile salmonids, the upper limit of life threatening 

temperatures occurs between 23 and 25oC (reviewed by Bjornn and Reiser, 1991), with the lower 
limit being near freezing (Brett and Alderice 1958).  Growth efficiency is determined by a 
combination of ration size and temperature, with higher temperatures being optimal if there is 
enough food available, with the peak lying at about 8-11oC for a fish fed at satiation (Brett et al. 
1969).  Most salmon rear in streams with DO levels near saturation, but DO levels could become 
a factor if temperatures are high, flows are low, and there a large amounts organic material (Hall 
and Lantz 1969).  Minimal requirements for survival appear to lie near 5 mg/L, but food 
conversion efficiency is inhibited at levels below 8 mg/L (Davis 1975; Alabaster et al. 1979).  
Turbidity may also effect the growth and survival of juvenile salmon.  The degree of disruption 
in growth seems to depend on fish size, with smaller fish experiencing more difficulty (Sigler et 
al. 1984).  Bisson and Bilby (1982) reported that juvenile coho avoided areas with turbidities 
higher than 70 NTUs.    

The habitat present in the stream is an important determinant of its ability to produce and 
grow juvenile salmonids.  Although habitat requirements vary by species, general guidelines 
exist.  The depth and velocity preferred by juvenile salmon varies by age and species, with larger 
fish generally preferring, or at least being capable of inhabiting, higher velocity flows.   Lister 
and Genoe (1970) reported that coho and Chinook fry were found in the margins of a stream 
after emergence and moved to progressively faster and deeper areas as they grew.  Results vary 
widely, but preferred depths of juvenile salmon less than 100 mm fork length range from <15 cm 
to approximately 60 cm and current velocities from 5 to 30 cm/s (see Bjornn and Reiser 1991 for 
a complete review, with a summary in the species specific section below).  Juvenile salmon show 
a preference for additional habitat characteristics other than simply depth and current velocity, 
the most notable, being presence of LWD.  LWD can have dramatic effects on channel 
hydrology, fundamentally changing other physical characteristics of a stream as well as effect 
primary productivity.  Roni and Quinn (2001) found increased densities of coho salmon in 
stream reaches with artificially placed wood.  

Productivity and Competition 
The ability of a stream to produce and grow juvenile salmon is also determined by the 

streams inherent productivity and the level of competition present.  Stream productivity is based 
on a complex combination of climate, water chemistry, and allocthonous and autochtonous 
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inputs (reviewed by Murphy and Meehan 1991).  It is important to note that, generally speaking, 
Northwestern coastal streams and rivers are food limited for juvenile salmonids (Mason 1976; 
Slaney et al. 1986).  On the other hand, Northwestern streams vary widely in the level of 
competition present, with some producing a few large fish and others producing many small 
ones.  On a basic level, the number of successful adult spawners the previous fall will determine 
the raw number of competitors, while space and stream productivity will determine the amount 
of resources available to divide between them.  Bjornn and Reiser (1991) provide a detailed 
review of factors affecting the carrying capacity of a stream for rearing juvenile salmonids. 

Predation 
Juvenile salmonids in streams experience predation primarily from fishes but also from 

birds and mammals (Quinn 2005).  Larger salmonids and sculpin have been shown to be 
particularly vigorous predators (Patten 1975, Pearsons and Fritts 1999).   Mergansers, kingfishers 
and herons can also be significant sources of mortality to juvenile salmon populations (Wood 
1987).  Cover, including LWD, riparian vegetation, undercut banks, aquatic vegetation, and large 
substrate can all provide refugia from predation for juvenile salmon.  Several studies using 
various indices of cover have all concluded that increased cover results in higher densities of 
juvenile salmonids (Wesche 1974; Bisson et al. 1987; Holtby 1988; Peters 1996a). 

Seaward migration 
Juvenile salmon habitat requirements during their migration to sea are largely the same as 

those during their residence in fresh water residence, with the addition of one major habitat 
requirement, the coastal estuary.  Before entering salt water, juvenile salmonids must at least 
pass through the estuary, while some spend several months rearing there.  The estuary is a 
complex mosaic of habitats governed by the interaction of river outflow and tidal inflow, 
providing a broad range of micro habitats for the juvenile salmon.  Estuaries are widely regarded 
as important habitat for juvenile salmon, not only for their ability to provide a transition zone for 
the physiological changes smolting salmon experience, but also as an additional rearing ground 
and migration corridor for seaward migration, they provide a refugia from predation (Simenstad 
et al. 1981).  Different species of salmon depend on estuaries to varying degrees, which will be 
discussed below.   
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Chinook Salmon 

Adult 
Puget Sound Chinook: Fall/Summer Skokomish Chinook were classified as threatened as 

a component of Puget Sound Chinook ESA listing in 1999, and this status was reaffirmed in 
2005.  They were designated as their own stock in the 2002 SASSI based on geographic location, 
and have been rated as depressed.  Allozyme analysis indicates that they are distinct from South 
Puget Sound Chinook stocks (Marshall 2000).  However, this stock is likely a non-native stock 
arising from imported Green River lineage Chinook salmon in the 1960‟s (Skokomish Tribe and 
WDFW 2010).  Spawning takes place between September and October with the historical peak 
being in mid-October, although currently spawning is generally finished by this time.  It is 
generally accepted that Kokanee Dam is the first blockage to anadromous fish passage on the 
North Fork Skokomish (Skokomish Tribal Nation and WDFW 2007).  Low flow events in 
August and September can result in all of the stream flow being sub-surface in the South Fork 
Skokomish in the vicinity of Vance Creek, thereby completely restricting upstream access on the 
South Fork Skokomish.  Smolts are produced at the George Adams Hatchery at RKM 1.6 (RVM 
1.0) on Purdy Creek which enters the main stem Skokomish at RKM 5.8 (RVM 3.6) (WDFW 
and PNPTT 2000).   

Hatchery escapement data is based on the number of adults that return to this facility.  
Natural spawning occurs in the main stem Skokomish, the South Fork Skokomish (to RKM 
8.0(RVM 5.0)) and North Fork Skokomish (to RKM 25.7 (RVM 16)), and Purdy, Hunter, and 
Vance Creeks.  Data on natural spawners is based on counts from RKM 3.5 (RVM 2.2) to RKM 
20.4 (RVM 12.7) on the main stem, Purdy Creek from RKM 0.0 (RVM 0.0) to the hatchery rack 
at George Adams, and RKM 0.0 (RVM 0.0) to RKM 8.9 (RVM 5.5) on the South Fork 
Skokomish (Figure 34).  The escapement goal for this stock is approximately 3,650 fish, 1,650 
natural spawners (i.e., river spawners) and 2,000 hatchery fish to George Adams Hatchery 
(Skokomish Indian Tribe and WDFW 2007).  The overall goal has generally been met, largely 
due to large numbers of hatchery Chinook returning to the system.  In contrast, the natural 
spawner escapement goal has only been met three times since 1990.  Natural escapement, or the 
number of fish spawning in the river regardless of origin, was 531 in 2007 and 1,149 in 2008.  In 
contrast, hatchery returns were 13,270 and 13,695 respectively. It is important to note that 
hatchery Chinook from George Adams stray in large numbers to the main stem and its tributaries 
and account for 20 to 80% (average approximately 60%) of the natural spawning fish in this 
system (WDFW 2007).   
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Figure 34.  Hatchery escapement, natural escapement, and total escapement of adult fall Chinook in the 

Skokomish River from 1968 to 2007.  Data for hatchery escapement is from the George Adams facility on Purdy 
Creek.  Data on natural spawners is based on counts from RKM 3.5 (RVM 2.2) to RKM 20.4 (RVM 12.7) on the 
main stem, Purdy creek from RKM 0.0 (RVM 0.0) to the hatchery rack at George Adams, and RKM 0.0 (RVM 0.0) 
to RKM 8.9 (RVM 5.5) on the South Fork Skokomish.  All data is from the WDFW and publically available at 
http://fortress.wa.gov/dfw/gispublic/apps/salmonscape/default.htm. 

 

Puget Sound Chinook: Spring 
The Skokomish River once supported a run of spring Chinook salmon.  They were 

reported to have spawned in similar river locations as Fall Chinook (WDFW 1957).  The stock 
was reported as in decline as early as 1950, but still used the lower 5 miles of the South Fork 
Skokomish and 13 miles of the North Fork Skokomish.  However, in 1991, Nehlsen et al. (1991) 
reported the stock extinct.  This extinction is likely due to overfishing (James 1980) and the 
construction of the Cushman Dams James (1980) which blocked access to a major component of 
their habitat and altered hydraulic patters in the system (Skokomish Tribe and WDFW 2010).   

 

Puget Sound Chinook: Lake Cushman 
Chinook salmon are also found in Lake Cushman, above Cushman Dam No. 1.  The 

small self-sustaining population spawns upstream of the reservoir in RKM 45.4 (RVM 28.2) to 
RKM 48.1 (RVM 29.9) during the month of November (Skokomish Tribal Nation and WDFW 
2007).  Genetic analysis failed to reveal stock origin, but there is little individual differentiation, 
indicating that spawner numbers are low or the stock experienced a bottleneck in the past 
(Marshall 1995). A stock status has not been determined for Cushman Chinook, but the 
Northwest Fisheries Science Center considers them part of the Puget Sound Chinook salmon 
Evolutionary Significant Unit (ESU) (Meyers et al. 1998; NMFS 1999) which thereby confers 
protection under the ESA.  
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Juvenile 
Of all the salmonid species in the Skokomish watershed, fall Chinook probably have the 

most extensive juvenile habitat requirements.  They require both freshwater and estuarine 
habitats for growth and rearing.  Because they rear in the lower watershed, they are affected by 
basically every habitat altering action that has occurred in the watershed.  Summer low flows 
resulting from aggradation and flow reductions have the potential to limit habitat available to 
juveniles by blocking adult migration, dewater eggs or delivering lethal temperature and DO 
levels to incubating eggs.  Scour from winter high flow events has the biggest impact on fall 
Chinook because their spawn timing occurs almost entirely before the initial high flows of fall, 
which can potentially scour their redds.  Diking, channelization, and bank armoring result in the 
indirect effects of altering the habitat that is available to juvenile Chinook for rearing, namely, 
reducing pool depth and frequency and limiting off channel habitat.  As mentioned previously, 
fall Chinook juveniles are the most reliant on estuarine habitat of all species in the Skokomish 
River, therefore the decreases in habitat that have been recorded in the Skokomish estuary, 
particularly the loss of eel grass, will impact them greatly.  It is also important to note that 
limitations in any of the aforementioned habitats may not only limit overall stock production, but 
also impact life history diversity, i.e., the balance of age 0+ and 1+ smolts (Greene et al. 2010). 

Natural spawned fall Chinook juveniles generally migrate out of the Skokomish River in 
the spring or early summer of their first year, so they spend at least a couple months feeding in 
freshwater before their seaward migration (Lestelle and Weller 1994).  Spring or stream type 
Chinook typically spend a full year in the stream migrating out to sea in the spring of their 
second year (Taylor 1990).  Fresh water habitat is important to the growth and survival to both 
types before their seaward migration.  Chinook fry have been recorded in a wide range of depths 
and velocities, with average depths of approximately 40 cm and velocities of 15 cm/s (reviewed 
in Bjornn and Reiser 1991; Peters et al., unpublished data).  They are generally found rearing in 
the lower reaches of a river system as compared to coho and steelhead.  Both types make 
extensive use of the estuary as a rearing environment, transitional zone, and migratory corridor.  
Because of the diverse life history patterns exhibited by Chinook, they can be found in the 
estuarine environment in Hood Canal during all months of the year (Iwamoto and Salo 1977). 
Peak migration in Hood Canal begins in early March and peaks from late April through June, 
with fry from fall spawning adults generally preceding yearlings from the spring migrating adults 
(Seiler et al. 1981).  Average estuarine residency times for individual juvenile Chinook could be 
as much as 189 days in larger systems but is more likely 20-40 days in a system such as the 
Skokomish, with smaller fish staying longer than larger ones (reviewed in Simenstad et al. 
1981).      

Available data on the population status of juvenile Chinook salmon in the Skokomish 
River is limited.  We found no information on freshwater distribution and abundance of juvenile 
Chinook salmon in the Skokomish River.  However, outmigration data was collected at several 
locations throughout the Skokomish Basin (WDFW 1957) and from a panel trap operated by the 
Skokomish Tribe in Skobob Creek between 18 April and 30 May 2003.  Estuarine use and 
timing data for juvenile Chinook salmon was collected by the Skokomish Tribe between 
December 27, 2004 and July 5, 2005.   

Juvenile Chinook salmon distribution was restricted to the lower Skokomish Basin 
generally below the first canyon on both the South Fork Skokomish (RKM 5) and Vance Creek 
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(RKM 6).  However, they were estimated to be present all the way up to the lower dam on the 
North Fork Skokomish.  Juvenile Chinook had a much greater distribution in the winter than in 
the summer, when they were present only below the confluence of the South Fork Skokomish 
and Vance Creek, and were absent from the North Fork Skokomish (Figure 35).  However, this 
is likely an artifact of the timing of our summer sampling effort, which wasn‟t initiated until 
most juvenile Chinook salmon would have emigrated from the system.
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Figure 35.  Expected juvenile Chinook salmon distribution in the Skokomish Basin during the summer of 

2008 and winter of 2009, based on observed distribution and reach characteristics (gradient and confinement).  
Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery 
(GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery 
(ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper 
Cushman Dam (UCD). 

 

Our fish surveys results indicated juvenile Chinook salmon abundance varied by season 
and fish size class.  We estimated that 3,157 and 17,963 juvenile Chinook salmon were present 
in the Skokomish Basin during the summer of 2008 and winter 2009, respectively.  A majority of 
these fish were classified as greater than 50 mm fork length (large) in the summer (61%), while a 
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majority were classified as being less than 50 mm fork length (small) in the winter (82.5%).  The 
variation in abundance and size between the two seasons is likely due to the timing of our 
surveys.  Our summer surveys didn‟t begin until June after most juvenile Chinook salmon would 
have been expected to have left the system.  Those that remained had likely been rearing for 
some time in freshwater and therefore would have been relatively large.  In contrast, our winter 
surveys were completed from January through March, when many juvenile Chinook were 
emerging from the gravel. 

We observed juvenile Chinook salmon in main stem, tributary and freshwater pond 
habitats.  The importance of mainstem, tributary, and pond habitat for juvenile Chinook salmon 
differed by size class and season (Table 26).  Small juvenile Chinook salmon were nearly equally 
distributed between mainstem and tributary habitat during the summer, while no small juvenile 
Chinook were observed in ponds.  However, during the winter, over half of the small juvenile 
Chinook salmon were estimated to be rearing in mainstem habitats, with the remaining fish 
nearly equally distributed between tributaries and ponds.  In contrast, a majority of large juvenile 
Chinook salmon were estimated to be rearing in ponds during the summer, with nearly equally 
small percentages rearing in mainstem and tributary habitats.  During the winter, a majority of 
larger juvenile Chinook salmon were rearing in the mainstem, with about half as many rearing in 
tributaries and very few rearing in ponds.   

In general, juvenile Chinook salmon are relatively uncommon in pond habitats.  For 
example, Murphy et al. (1989) reported that juvenile Chinook salmon were relatively uncommon 
in beaver ponds or off-channel sloughs (similar to our backwaters).  In addition, Morley et al. 
(2005) reported that juvenile Chinook salmon densities were low in about half the constructed 
groundwater-fed side channels they sampled.  These sites were relatively deep and homogenous, 
in contrast to reference side-channels.  Thus, they were likely similar to the pond habitats that we 
sampled in the Skokomish watershed.  Thus, the large percentage of large juvenile Chinook 
salmon rearing in ponds during the summer is somewhat surprising.  Although, juvenile Chinook 
salmon do rear in larger lakes when present in their watersheds (Tabor 2004, 2006). 

 
Table 26.  Proportion of the different sized juvenile Chinook salmon population estimated to be rearing in 
mainstem, tributary, and pond habitats during the summer (2008) and winter (2009). 

 

fish Season 
Proportion 
Mainstem 

Proportion 
Tributary 

Proportion 
Pond 

Chinook >50 mm Summer 0.05 0.06 0.88 

Chinook >50 mm Winter 0.68 0.31 0.01 

Chinook <50 mm Summer 0.45 0.55 0.00 

Chinook <50 mm Winter 0.52 0.23 0.24 

 

 

Reach densities of small juvenile Chinook were positively related to the percentage of the 
reach that was composed of backwater habitat during the winter; however, the relationship 
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explained very little of the overall variability (r2 = 0.18).  Reach densities of small juvenile 
Chinook salmon were negatively related to sediment score, although the relationship explained 
little of the variability (r2 = 0.26).  Thus, small juvenile Chinook salmon appear to prefer smaller 
substrate, which is consistent with observations from other systems (Hillman et al. 1989a; 
Hillman et al. 1989b; Garland et al. 2002; Peters, unpublished data), although large substrate 
preferences have also been reported (Lister et al. 1995). 

Within pond habitats, the importance of nearshore and off-shore areas changed between 
seasons and size class for juvenile Chinook salmon.  Densities of Chinook >50 mm were greater 
in the offshore (84 fish/ha) than the nearshore (44 fish/ha) during the summer; however, the 90% 
confidence intervals overlapped suggesting that this difference was not statistically different.  In 
contrast, no Chinook salmon >50 mm were observed in the off-shore transect during the winter, 
while nearly 3 Chinook >50 mm were observed in the nearshore transect.  Densities of small 
Chinook (<50 mm) were much greater in the nearshore (241 fish/ha) than the off-shore (80 
fish/ha) during the winter.  However, the 90% confidence intervals overlapped, suggesting the 
results were not statistically significant.   

Although differences in densities were observed in some cases, these differences 
translated to differences in production for only small Chinook during the winter.  The nearshore 
area of the ponds represented approximately 40% of the total pond surface area.  Estimated 
abundance of large juvenile Chinook in the nearshore during the summer was approximately 
26% of the total production from ponds in the summer.  Although all of the large Chinook were 
observed in nearshore areas during the winter, the estimated production from all the ponds was 
only 19 fish.  In contrast, small Chinook production in nearshore areas during the winter 
represented approximately 67% of the total production even though the nearshore represented 
only 40% of the total pond habitat.  Thus, any restoration of existing pond habitat, or the 
development of new pond habitat should consider improving the ratio of nearshore to off-shore 
habitats. 

As stated above, juvenile Chinook salmon densities were slightly negatively related to 
mean depth and slope in the near-shore area of the ponds (Figure 28).  Thus, few juvenile 
Chinook salmon were observed in sampled areas as bank slope and mean depth increased, which 
is consistent with other reports in lentic habitats (Sergeant and Beauchamp 2006; Tabor et al. 
2006). 

Our estimates of distribution may be influenced by the timing of our summer sampling 
and the distribution of our winter sampling sites.  Summer sampling was completed between 
May and early October.  Thus, most ocean type Chinook salmon had likely left the system before 
our sampling occurred.  In addition, the winter distribution of juvenile Chinook salmon may have 
been greater than reported; however, we were unable to access the upper watershed due to snow 
during the winter of 2009.  Adult Chinook salmon transported to the upper watershed as part of 
an adult supplementation program implemented by the WDFW and the Skokomish Tribal Nation 
spawned in the upper watershed (Matt Kowalski, Skokomish Tribe, personal communication). 

Outmigration data is limited for the Skokomish River.  Three different outmigration 
sampling efforts have been completed.  WDF (1957) completed the most comprehensive 
outmigration sampling in the system to date.  They sampled five location in the Skokomish 
River, just above and below the South Fork Skokomish canyon, Vance Creek (just below Valley 
Rd bridge), North Fork Skokomish (~1.5 miles above mouth), and the Skokomish mainstem (old 
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U.S. HWY 101 bridge).  Juvenile Chinook salmon were caught in all five outmigration sampling 
locations.  Outmigration occurred from February through September. Peak catches varied among 
the sampling locations.  Outmigration peaked in late July in the upper South Fork Skokomish, 
with less prominent peaks observed in April, May, and June.  The peak catches occurred in late 
April to mid-May in the lower South Fork Skokomish.  Large catches were observed in mid-
February and peaked in March in Vance Creek.  A small peak occurred in catches in the North 
Fork Skokomish in late March, although catches were relatively low at this site.  A bimodal 
pattern was observed at the lower mainstem site, with peaks in mid-March and mid-May.  Based 
on relative abundance estimates, WDF (1957) determined that the lower South Fork Skokomish 
was the most important producer of fall Chinook, followed by Vance Creek and the North Fork 
Skokomish respectively. 

The Skokomish tribe sampled outmigrating fish in Skobob Creek during 2003 using a 
panel trap.  During this period, a total of 170 Chinook smolts were captured, with a relatively 
uniform distribution throughout the operating time of the trap.  (Skokomish Indian Tribe, 
unpublished data).  A screw trap has also been operated by NMFS on the South Fork Skokomish 
near the confluence with Vance Creek since 2007 to assess production and outmigration timing 
steelhead from April 1 to June 15.  

New Chinook salmon outmigration data was collected during this project (see Appendix 
Outmigration for details on methods and general results).  A total of 275 wild and 1,742 hatchery 
Chinook were captured from January 21 to July 19, 2009 (Figure 36).  Chinook fry were caught 
primarily in January and February (77% of season fry total), but were also caught in low 
numbers (<10) from March through early July.  Wild Chinook smolts were captured sporadically 
and generally in low numbers from late January through mid-July.  One exception was the 51 
fish captured on May 19, 2009; it is possible that a majority of these fish were unmarked 
hatchery fish released on either May 15 or May 18.  Hatchery Chinook were caught from mid-
May through mid-July.  The peak catch occurred in mid-May, immediately after the hatchery 
releases. 

 
Figure 36. Weekly counts (first axis) of juvenile unmarked and hatchery Chinook captured in fyke nets 

(1/21-3/17/09) and screw trap (3/25-7/29/09), and daily average flow (second axis) on Skokomish River in 2009.  
Flow data are from USGS gage 12061500 near Potlatch, WA. 
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An estimated 239,511 Chinook migrated pass the screw trap between mid-March and late 
July (Table 27).  About 93% (222,745) of the total Chinook estimate was hatchery parr and 
smolts, with unmarked (wild) Chinook comprising the remaining 7% (16,766).  We feel that we 
likely underestimated outmigration numbers for naturally produced Chinook salmon.  First, 
substantial numbers of Chinook salmon fry were caught in our fyke nets prior to operating the 
screw trap.  However, we could not assess the efficiency of these traps because we never 
recaptured any marked individuals.  Thus, our efficiency was likely very low.  These early 
catches were not included in our outmigration estimate.  In addition, our efficiency estimates for 
the screw trap appear to be flawed.  The hatchery Chinook figure corresponded to about 6% of 
the 3,899,993 Chinook released by the Washington Department of Fish and Wildlife (WDFW) 
into the Purdy Creek between mid-May and mid-July 2009.  The large difference in our estimate 
relative to the actual hatchery release may be due to poor survival of hatchery fish released at 
this location or due to underestimation at our trap.  It‟s extremely unlikely that 94% of the 
hatchery Chinook release perish before reaching our trap.  In addition, outmigration estimates for 
coho and chum salmon were also relatively low relative to the hatchery release.  Thus, it is 
assumed that we underestimated production from the system.   

Our underestimation was likely due to the release location being too close to the 
outmigration trap.  Volkhardt et al. (2007) state that fish should be released at least two 
pool/riffle sequences upstream to allow fish to allow for a similar distribution pattern throughout 
the river to what is expected naturally.  Our release site was located approximately 500 m 
upstream and was separated from our trap by one short riffle, a relatively large pool, and along 
run habitat.  In addition, this site was located one complete meander bend upstream, providing at 
least two turns to distribute fish across the channel.  This site was the last easily accessed site for 
approximately an additional 1,200 meters.  We selected the closer site since we felt releasing the 
fish at the next access upstream might be too far upstream and could result in potentially 
significant predation losses.   

Outmigration patters in the Skokomish River are similar to those from other Puget Sound 
systems.  Chinook outmigration timing data from the Elwha River screw trap indicates that 0-age 
smolts begin to migrate downstream in late February and that the migration can continue all the 
way to the end of June in some years, but generally tapers off significantly by the beginning of 
June.  The peak is generally the second half of March (National Oceanic and Atmospheric 
Administration (NOAA), unpublished data).  On the Elwha, age 1+ smolts exhibit a very similar 
outmigration pattern to age 0+ smolts.  Seiler (2003) reports a bimodal peak for juvenile Chinook 
salmon in the Cedar River.  Large numbers of Chinook fry migrate to Lake Washington during 
January and March, with a second smaller peak migrating in mid-May to early-July.  Kinsel et al. 
(2008) report that on average 50% of juvenile Chinook salmon migration occurs by the end of 
March in the Skagit system.  In contrast, Griffith and Van Arman (2010) observed few juvenile 
Chinook outmigrants in February in the Stillaguamish River, where bi-modal peak outmigration 
occurred in April and early May to early June.  
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Table 27.  Estimated migration of salmonid species during screw trap sampling on Skokomish River, March-July, 2009.   

Species 
Life 

Stage Origin Catch 
Expanded 

Catch Marked Recaptured Efficiency 
Population 
Estimate 

C. I. (95%) 
Lower Upper 

Chinook Fry Unmarked 33 39 2   01      0.4%2 101 0      209 
 Parr Unmarked 27 28 16 0 0% 3472 - - 
  Hatchery 243 278 231 1 0.4% 34472 - - 
 Total  270 306 247 1 0.4% 37944 0  80848 
 Smolt Unmarked 98 108 70 0 0% 12936 - - 
  Hatchery 1499 1574 1007 8 0.8% 188530 - - 
 Total  1597 1682 1077 8 0.7% 201466 76786 326146 

Chum Fry  5347 5734 90 9 10.0% 52179 23062   81297 
Coho Fry Unmarked 1630 1969 639 6 0.9% 180023 55737 304309 

 Parr Unmarked 187 261 65 0 0% 26274 - - 
  Hatchery 3 3 3 0 0% 302 - - 
 Total  190 264 68   13      1.0%4 18872 0  23781 
 Smolt Unmarked 762 1014 396 6 1.5% 87639 - - 
  Hatchery 765 857 208 0 0% 74069 - - 
 Total  1527 1871 604 6 1.0% 161708 50092 273324 

1 Calculated from season trap efficiency rate of Chinook parr.  
2  Season trap efficiency rate of Chinook parr. 
3  Calculated from season trap efficiency rate of coho smolts. 

 4  Season trap efficiency rate of coho smolts. 
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The size of juvenile Chinook salmon caught during our outmigration sampling was quite 
variable.  The fork length of unmarked (wild) Chinook salmon ranged from 32 mm to 143 mm, 
averaging 56 mm.  Weekly average fork lengths increased from around 40 mm in late January 
and February to above 75 mm in late May and early June (Figure 37), indicating that juvenile 
Chinook salmon were rearing in freshwater habitat.  Weekly average fork lengths for hatchery 
Chinook ranged between 70 mm and 85 mm from May through early July.  Comparison of 
length frequency distributions between unmarked and hatchery Chinook showed unmarked 
Chinook salmon were much smaller than their hatchery counterparts (Figure 38).  The dominant 
size range for wild and hatchery Chinook were 31-40 mm and 81-90 mm, respectively. WDF 
(1957) stated that newly emerged Chinook averaged about 40 mm and the earliest yearlings 
averaged about 88 mm.  Yearlings, which were more abundant in the lower South Fork 
Skokomish than the upper South Fork Skokomish averaged between 82 and 127 mm.  Zero-aged 
Chinook ranged from about 40-42 mm at all the stations sampled.  These size classes are similar 
to what we observed during our sampling efforts.  Our data also suggests that a yearling life 
history strategy is still exhibited in the Skokomish River.  Whether these yearlings are from 
naturally produced Chinook or residual or unmarked hatchery fish is unclear. 

 

 
Figure 37. Weekly mean fork lengths and standard errors of juvenile unmarked and hatchery Chinook 

captured in fyke nets (1/21-3/17/09) and screw trap (3/25-7/29/09) on Skokomish River in 2009. 
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Figure 38. Length frequency of juvenile Chinook captured in fyke nets (1/21-3/17/09) and screw trap 

(3/25-7/29/09) on Skokomish River in 2009. 

 

Existing data for Chinook salmon estuary use and timing was collected by the Skokomish 
Tribal Nation between December 27, 2004 and July 5, 2005.  The estuary sampling occurred in 
the vicinity of Nalley Island and West Slough.  A total of 17 and 25 Chinook were captured at 
Nalley Island and West Slough, respectively.  They were captured beginning from January 
through the end of April, with the peak occurring in late January through early February 
(Skokomish Indian Tribal, unpublished data).  It‟s unclear why so few Chinook salmon were 
captured during their surveys or why the residence time was so short.  This information contrasts 
sharply with the new data collected as part of the Skokomish GI. 

New estuarine use data was collected from July 2008 through September 2009 during this 
project (See Appendix Estuary for details of methods).  Sampling occurred exclusively on Nalley 
Island both at high and low tide (Figure 39).  Juvenile Chinook were captured in the estuary from 
January through August, with peak abundance occurring in late May (Figure 40).  A majority 
(75%) of the Chinook salmon observed in the estuary were of hatchery origin and the residence 
time of hatchery and unmarked Chinook salmon varied (Figure 41).  In general, hatchery fish 
were observed later in the year and last observed earlier in the year than unmarked fish.  
Unmarked juvenile Chinook were first observed several months before their hatchery 
counterparts, but a single hatchery Chinook was captured four weeks after the last unmarked 
Chinook were captured.   
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Figure 39.  Primary sampling locations within the Skokomish River estuary.  All the sampling was 

completed on Nalley Island.  Fish were sampled at marking sites during high tide, marked and released back to those 
locations.  Fish were sampled for marks at the Breach (red dot) from mid-tide to low tide and at the low tide sites 
during low tide. 

 
 
 



122 

 

 

 
Figure 40.  Catch-Per-Unit-Effort (CPUE) of Chinook salmon captured in the Nalley Island portion of the 

Skokomish River estuary between July 2008 and September 2009. 

 

 
Figure 41.  Comparison of residence timing of hatchery and unmarked juvenile Chinook salmon captured 

in the Nalley Island section of the Skokomish River estuary between July 2008 and September 2009. 

 

Juvenile Chinook salmon in the estuary were differentially marked during each estuary 
survey to evaluate individual residence time and to calculate population estimates in the Nalley 
Island section of the estuary (see Appendix Estuary for details).  Individual residence time for 
juvenile Chinook salmon could not be calculated since no juvenile Chinook salmon marked in 
the estuary was recaptured at a later date.  However, juvenile Chinook marked at the screw trap 
between June 10 and June 18, 2009 for the outmigration study were captured in the estuary 
(Upper East 2 site) on June 24, 2009.  Population estimates for juvenile Chinook could only be 
calculated on one day, May 27, 2009.  The population estimate was 55,104 with 95% confidence 
intervals of 20,099 to 133,080.  The 95% confidence intervals were quite large due to the low 
number of recaptures (2) in the relatively large number of marked fish released (335) and 
handled looking for recapture (491).   
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We summarized CPUE by location to examine the spatial distribution patterns within the 
estuary (Figure 42).  CPUE for Chinook salmon was highest at the UW2 (low tide) location.   

The size of juvenile Chinook salmon varied with survey (Figure 43).  Juvenile Chinook 
salmon ranged from 71 to 90 mm in fork length.  Mean fork lengths generally increased during 
the spring and summer months (Figure 43).  Size differences among hatchery and unmarked fish 
varied among sample date (Figure 44), but in general mean lengths of hatchery juvenile Chinook 
salmon were 10 and 9 mm longer than their unmarked counterparts.  

 

 
Figure 42.  CPUE percentages of Chinook by sampling location, July 2008-September 2009. 

 

 

 
Figure 43.  Mean fork lengths (+/- SE) of juvenile Chinook salmon caught in the Nalley Island section of 

the Skokomish River estuary between February and September 2009.   
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Figure 44.  Mean fork length (+/- SE) of hatchery and unmarked juvenile Chinook salmon captured in 

Nalley Island section of the Skokomish River estuary between February and September 2009.   The mean lengths 
are based on samples sizes of four or more. Asterisks next to the sampling dates, indicate the dates on which 
hatchery and unmarked fish are significantly different in length. 

 

Limiting Factors: Chinook Salmon 
The Skokomish Tribe and WDFW (2010) completed an extensive review of factors 

influencing Chinook salmon in the Skokomish Basin.  Thus, it‟s unnecessary to completely 
restate their findings here.  However, it is useful to discuss how the new data we collected may 
influence their conclusions.  In addition, we do not entirely agree with all of the assertions made 
by those authors.  We discuss these differences in the section below. 

It is important to note that the current Skokomish Chinook salmon population likely has 
little resemblance to the historic population.  This is due to the fact that the historic populations 
have either become extinct (Spring Chinook) or largely replaced by non-native stocks.  The 
native population was driven to extinction and very low numbers as a result of hydro 
development, habitat degradation, and overharvest (Skokomish Tribe and WDFW 2010).  Hydro 
development blocked access to very productive habitat for spring Chinook salmon and diverted 
substantial portions of the Skokomish Basin discharge out of the Skokomish Basin.  This, along 
with land clearing activities, LWD removal, and floodplain isolation through levee and bridge 
construction, resulted in severe habitat loss and degradation.  Overharvest, documented early in 
the 20th century, clearly impacted the population returning to this less productive habitat.  This 
resulted in hatchery intervention that brought in the non-native Green River Chinook salmon 
stock.  The large releases of these non-native hatchery fish into the system completely changed 
the population structure of Chinook salmon in the Skokomish River (Myers et al. 1998; 
Ruckelshaus et al. 2006).  Thus, the habitat use and timing observed during the new data 
collection may not resemble that of the historic stock. 

The life history patterns of juvenile Chinook salmon in the Skokomish Basin is similar to 
what might be expected for river-type Chinook salmon throughout Puget Sound.  Their 
distribution was limited to the lower Skokomish Basin.  This was apparently due to barriers to 
adult migration.  WDFW (1957) noted that the cascades in the South Fork Skokomish canyon 
were barriers to adult fall/winter Chinook salmon.  This still appears to be true, despite the 



125 

 

 

aggradation that has occurred just below the canyon and that has likely extended upstream into 
the canyon an unknown distance. 

Abundance and production estimates in the Skokomish Basin suggest the population is 
severely depressed.  Natural escapement, which includes both naturally, produced fish, as well as 
hatchery fish spawning in the river have been at relatively consistent and low numbers since the 
late 1960‟s.  In addition, a majority of the spawners have been of hatchery origin (average of 
approximately 60% - WDFW 2007).  These returns also appear to result in few juveniles.  We 
estimated that just less than 18,000 juvenile Chinook salmon were present in the Skokomish 
Basin (not including the estuary) during the winter of 2009.  This is relatively consistent with our 
outmigration estimate (i.e., 16,000 unmarked).  Both estimates likely underestimate total 
production due to the fact that juvenile Chinook would be emigrating from the system during our 
snorkel surveys and thus would not have been counted.  The smolt trapping estimates were likely 
low due to the release point being too close to the trap, which elevated our estimated trap 
efficiency.  However, these values would still be low relative to those from other Washington 
State River Basins.  For example, Seiler et al. (2003) estimated that 81,000 and 65,000 Chinook 
smolts were produced in the Cedar River in 1999 and 2000, respectively.  In fact, their estimates 
of Chinook production from Issaquah Creek (30,000) exceeded our estimates for the Skokomish, 
despite the fact that Chinook migration had begun prior to their trap installation (Sieler et al. 
2003). 

As expected, juvenile Chinook salmon were observed throughout the system, including 
mainstem, tributary and off-channel pond habitats.  Mainstem habitats appear to be more 
important during the winter, since a majority of the fish were observed in mainstem habitats 
relative to tributary and off-channel habitats at that time.  However, pond habitats appear to 
become more important during the summer.  Juvenile Chinook salmon were also common in the 
estuary and were relatively abundant compared (i.e., 55,000) to their observed abundance in 
freshwater habitats, despite the fact that we sampled a very small portion of the estuary.  This 
suggests that a majority of juvenile Chinook salmon in the system may be migrating directly to 
the estuary without rearing in the freshwater environment for extended periods. 

Based on our assessment, we feel Chinook salmon are limited in part by reduced 
availability, connectivity, stability, and quality of habitat, as well as impacts related to hatchery 
propagation in the system.  However, habitat loss, channel stability, and hatchery influences are 
probably the most important factors impacting Chinook salmon in the Skokomish Basin. 
Significant spawning and rearing habitat has been lost as a result of dam construction in the 
North Fork Skokomish.  Chinook salmon are isolated from additional spawning habitat for much 
of the early fall as a result of channel dewatering in the South Fork Skokomish and Vance Creek.  
Although habitat stability has not been sufficiently evaluated in this system, the level of 
aggradation suggest that scour of redds is likely a major issue.  This would be exacerbated by the 
low flows associated with the timing of Chinook spawning in the system.  These habitat factors 
would be exacerbated by the level of straying of non-local hatchery Chinook to the system (60% 
hatchery spawners – Green River lineage), since these fish would be expected to have reduced 
survival and reproductive capabilities relative to a natural locally adapted stock (i.e., HSRG 
2004, Jonsson and Jonsson 2006; Araki et al. 2008).  
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Chum Salmon 

Adult 

Chum – Upper Skokomish Late Fall  
Fall chum salmon in the upper Skokomish River are a wild, naturally reproducing stock.  

They were deemed an individual stock in the original 1992 SASSI based on their spatial and 
temporal spawning distribution and genetic analysis.  They were originally listed as healthy in 
the 1992 SASSI and that status remains today.  They spawn in most tributaries of the Skokomish 
system from December through January, with the heaviest concentration being the lower 7.6 km 
(4.7 mi) of the North Fork Skokomish.  Natural spawner counts (Figure 45) are based on index 
reaches in the lower North Fork Skokomish, Reichert Springs, Swift Creek, and Vance Creek.  
They do not appear to be able to pass through the canyon on the South Fork Skokomish (ME2 
Environmental Services, 1997). Allozyme analysis indicates that this stock contributes to the 
genetic heterogeneity of Hood Canal Chum but not all pairwise comparisons show significant 
differentiation (Phelps 1995).     

Chum - Lower Skokomish Fall Chum 
Lower Skokomish River Fall chum were identified as an individual stock in the 1992 

SASSI based on their temporal and geographic differentiation with upper Late Fall chum.  
Spawning is concentrated between November and December and occurs in Purdy and Weaver 
Creeks along with the lower main stem Skokomish River.  No quantitative data on adult 
escapement exists for the stock but many (probably strays) spawn in the river proper and its 
tributaries.  Based on these qualitative observations, the stock has been listed as healthy.  No 
genetic analysis has been done on this stock. 

 

Figure 45.  Total natural spawners of late fall upper chum in the Skokomish River from 1968 to 2008.   
Data are based on index reaches in the lower North Fork Skokomish, Reichert Springs, Swift Creek, and Vance 
Creek.  All data is from WDFW and publically available at 
http://fortress.wa.gov/dfw/gispublic/apps/salmonscape/default.htm 
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Chum - Summer Chum 
Skokomish River summer chum were identified as an individual stock in the Summer 

Chum Conservation Initiative (WDFW and PNPTT 2000) based on their early spawn timing, but 
have been labeled extinct in the Skokomish River as of the 2002 SASSI.  A few summer chum 
are recorded in the main stem every year but not enough to characterize them as a self-sustaining 
population.  Historically, they spawned from mid-September to mid-October in the lower 
portions of the watershed (WDFW and PNPTT 2000). 

Juvenile 
Fall chum in Hood Canal emerge from mid-April through May (Koski 1975).  All 

juvenile chum salmon migrate directly to sea after emergence, and therefore rely little on 
freshwater habitat. However, some freshwater rearing has been inferred in other systems based 
on increasing size of individuals in freshwater (Peters 1996b).  Regardless of how long they 
spend in freshwater, they do require the basic physical requirements of suitable temperature, 
flow, cover, etc. presented above for incubation and seaward migration.  Migratory conditions 
are likely very important to juvenile chum salmon since they migrate at a small size, which 
increases their vulnerability to predation.  In addition, factors such as discharge, turbidity, and 
light levels are important to fish during seaward migration (Tabor et al. 2004).  Next to Chinook 
salmon, chum have been described as the most reliant on the estuary habitat, based on residence 
time (~25 days) (Simenstad et al. 1981).  They use the estuary as a rearing location, refugia from 
predation, transition zone, and migration corridor.  As with other species, eel grass beds provide 
important habitat for juvenile chum during their residency in the estuary (Wissmar and 
Simenstad 1988).   

Chum salmon migrate directly to the estuary after emergence so their reliance on fresh 
water habitat is limited, although the effects of summer low flows and winter high flows and the 
associated sedimentation of redds can all affect spawning distribution and incubation success.   
The lack of surface water in lower Vance creek and the South Fork Skokomish during the 
summer months can limit the distribution of early chum salmon (i.e., summers) or dry up 
incubating eggs that were spawned prior to the channel going dry.  In addition, because they 
spawn before (summer) or during the high winter flows (falls), main stem redds may be scoured 
or dewatered as a result of channel migration prior to emergence.  Chum are the second most 
reliant salmonid species on the Skokomish estuary.  In Puget Sound, during the first few weeks 
of estuarine residency, they occupy the top few centimeters of the water column and remain 
extremely close to shore (Ron Egan, WDFW, Olympia, WA, pers. comm., cited in WDFW and 
PNPTT 2000).  Declines in estuary habitat, particularly the loss of near-shore areas and eelgrass 
beds, is the main limiting factor for juvenile chum salmon in the Skokomish watershed.  

We found no published information on the freshwater distribution and abundance of 
juvenile chum salmon in the Skokomish River (Figure 46).  During the field work conducted for 
this study, juvenile chum salmon were observed in main stem, tributary and freshwater pond 
habitats.  Their distribution was restricted to the lower South Fork Skokomish, apparently by the 
first canyon in the South Fork Skokomish (RKM 5).  In contrast to Chinook salmon, chum 
salmon were observed upstream of the first canyon in Vance Creek, suggesting that flows may 
limit adult Chinook salmon upstream migration in Vance Creek early in the fall.  However, chum 
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salmon distribution was reduced in the North Fork Skokomish relative to Chinook salmon, 
extending only to RKM 9.  This is likely due to the presence of small cascades in this region of 
the North Fork Skokomish. 

Juvenile chum salmon had a greater distribution during the winter of 2009 than they did 
during the summer of 2008.  Similar to Chinook salmon, this was likely due to the timing of our 
summer surveys, which were completed from late May through October.  Thus, most juvenile 
chum salmon would have likely left the system by the time we initiated our surveys.  The lack of 
sampling locations upstream of the canyons during the winter due to lack of access (deep snow) 
also may make our estimates of chum salmon distribution conservative.  This possibility is 
supported by the observation of chum salmon above the first canyon in Vance Creek RKM 5, but 
is refuted by the more limited distribution of juvenile chum salmon in the North Fork 
Skokomish. 

Juvenile chum were observed in mainstem, tributary, and pond habitats, although they 
were only present in pond habitats during the summer.  In contrast, they were most common in 
mainstem habitat during the winter, with about half as many in tributaries and very few in pond 
habitats.  We estimated a total chum fry population of 86 fish in the summer.  In contrast, we 
estimated 25,577 fish during the winter (95% Confidence Interval: 8,810-50,599).  All the 
juvenile chum salmon were rearing in ponds during the summer, while only 101 juvenile chum 
(of 25,577) were in the ponds during the winter. 

Juvenile chum salmon densities in pond habitats were very low during both summer and 
winter. No juvenile chum salmon were observed in nearshore areas during the summer, while 
densities were approximately 6 fish/ha in the offshore transects.  In contrast, juvenile chum 
salmon were observed in both the nearshore (8.9 fish/ha) and offshore (4.4 fish/ha) transects 
during the winter.  Although these differences in density translated to large differences in the 
proportion of juvenile chum salmon produced from nearshore (0% summer, 58% winter) and 
offshore areas (100% during summer, 42% during winter), the limited production of chum 
salmon from the ponds does not warrant specific habitat restoration recommendations in ponds 
for chum salmon. 
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Figure 46.  Expected juvenile chum salmon distribution in the Skokomish Basin during the summer of 

2008 and winter of 2009, based on observed distribution and reach characteristics (gradient and confinement).  
Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery 
(GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery 
(ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper 
Cushman Dam (UCD).  
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Outmigration data is limited for the Skokomish River.  Three different outmigration 
sampling efforts have been completed.  WDF (1957) completed the most comprehensive 
outmigration sampling in the system to date.  They sampled five location in the Skokomish 
River, just above and below the South Fork Skokomish canyon, Vance Creek (just below Valley 
Rd bridge), North Fork Skokomish (~1.5 mi above mouth), and the Skokomish mainstem (old 
U.S. HWY 101 bridge).  Chum salmon were caught at all but the upper South Fork Skokomish 
sampling site.  Outmigration started earlier at the mainstem site and was progressively later at 
upstream traps.  Outmigrants were caught from mid-January through the June.  Peak catches 
varied by location.  Peak catches occurred in mid-May at the lower South Fork Skokomish site, 
April and early May in Vance Creek, and the end of March in the mainstem.  A tri-model pattern 
occurred in the North Fork Skokomish with peaks occurring in March, April, and mid-May (the 
largest).  Based on relative abundance estimates derived from this sampling effort, WDF (1957) 
concluded that the North Fork Skokomish was the largest chum producer followed by Vance 
Creek and then the lower South Fork Skokomish.  However, they go on to state that the lower 
mainstem site could not be included in this assessment and that this area “is conclusively known” 
to be one of the largest production areas for chum salmon, especially early chum (i.e., summer 
chum). 

Additional sampling was completed by the Skokomish Tribe using a panel trap to sample 
Skobob Creek between 18 April and 30 May, 2003.  Because of the limited availability of 
information it is impossible to compare trends in abundance, but a discussion of relative 
abundance to other species and outmigration timing is possible.  In 2003, a total of 26 chum fry 
were captured in the panel trap and they had a relatively uniform size distribution throughout the 
operating time of the trap.  It is important to note, that while all species must eventually pass 
through the estuary, Skobob creek is not a major chum spawning tributary.   

We caught a total of 8,054 chum salmon during our outmigration trapping efforts from 
January 21 to July 13, 2009 (Figure 47).  Peak daily migration occurred on February 18, when 
1,887 fish were counted.  Prior to April in which two hatchery releases occurred (1st and 16th), 
2,789 chum were captured.  During the month of April, 5,105 chum were captured.  From early 
May through mid-July, 160 chum were captured and daily catches were all fewer than 10 fish. 
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Figure 47.  Weekly counts (first axis) of juvenile chum captured in fyke nets (1/21-3/17/09) and screw trap 

(3/25-7/29/09), and daily average flow (second axis) on Skokomish River in 2009.  Flow data are from USGS gage 
12061500 near Potlatch, WA. 

 

We estimated that 52,179 chum migrated downstream during screw trap sampling (Table 
27).  The number was extremely low considering that 10 million chum released by WDFW in 
Weaver Creek, a tributary of Skokomish River, in 2009.  This apparent large discrepancy 
between our estimate and the total hatchery release could be due to low survival of hatchery 
chum salmon released at this location or underestimation at the trap.  Recapture rates of chum 
salmon (10% overall, 9 of 90), especially hatchery chum salmon (20%, 4 of 20) were much 
greater than those of other species which were generally between 0.5 and 1%.  In addition, our 
estimates of hatchery coho salmon production represented only 25% of the hatchery coho smolt 
release from the same location.  Thus, our production estimates are likely low.  This is 
potentially due to the release location of marked individuals used to assess trap efficiency being 
located too close to the outmigration trap.  If the release location was too close, the fish would 
not distribute equally across the river, resulting in an overestimate of trap efficiency.  Although 
we followed the guidelines of Volkhardt et al. (2007), locating our release point two pool/riffle 
sequence (500 m) upstream of our trap, it was apparently too close in this system.   

The fork lengths of chum fork caught during the outmigration sampling ranged from 30 
mm to 84 mm and averaged 42 mm.  Juvenile chum salmon are relatively small at outmigration, 
but freshwater rearing and growth also appear to occur.  WDF (1957) noted that juvenile chum 
salmon outmigrants averaged 38 to 40 mm but showed definite growth in both Vance Creek and 
the mainstem in June.  Juvenile chum salmon outmigrants in the current study had fork lengths 
that ranged from 30 to 84 mm and averaged 42 mm.  Over the season, weekly mean fork lengths 
increased from below 40 mm in late January and early February to over 60 mm in early July 
(Figure 48).  During the first three weeks of April when hatchery chum were released and 
presumably had a large presence, average lengths increased considerably into the 45-50mm 
range.  Length frequency distribution indicated that the dominant size range was 36 to 40 mm 
(Figure 49). 
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Figure 48.  Weekly mean fork lengths and standard errors of juvenile chum captured in fyke nets (1/21-

3/17/09) and screw trap (3/25-7/29/09) on Skokomish River in 2009. 

 
 
 

 
 

Figure 49.  Length frequency distribution of juvenile chum captured in fyke nets (1/21-3/17/09) and screw 
trap (3/25-7/29/09) on Skokomish River in 2009. 

 
Estuary data was collected by the Skokomish Tribe between 27 December 2004 and 5 

July, 2005.  The estuary sampling occurred in the vicinity of Nalley Island and West Slough.  A 
total of 1,232 and 120 chum fry were captured at Nalley Island and West Slough, respectively.  
They were captured throughout the sampling period, with the peak occurring from early 
February through April (Skokomish Tribe, unpublished data). 

Juvenile chum salmon were the most numerous salmonid caught in the estuary during our 
sampling efforts, with a total of 2,261 being caught.  Juvenile chum were captured from February 
through June, with abundance gradually increasing from March until the peak in mid-May 
(Figure 50).  No juvenile salmon were observed during surveys from October through December.  
We could not calculate population estimates for juvenile chum salmon in the Nalley Island 
section of the Skokomish estuary since no marked fish were recaptured during our mark-
recapture surveys.  In addition, individual residence times could not be estimated for chum 
salmon since no marked fish were re-captured during subsequent surveys.  However, juvenile 
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chum salmon was one of five species to dominate the catch in the Nalley Island section of the 
Skokomish River estuary during different part of the year, along with shiner perch, Pacific 
Staghorn sculpin, surf smelt, and starry flounder.  Juvenile chum salmon made up the largest 
percentage of the catch from March through mid-May.   

CPUE increased steadily from mid-February through mid-May and hen declined sharply, 
with low CPUE observed until early July (Figure 50).  Juvenile chum salmon CPUE was greatest 
lower in the Nalley Island portion of the estuary near the breach.  Juvenile chum salmon fork 
length varied from 30 to 70 mm; however, 45% of the fish were less than 40 mm.  Average fork 
lengths increased during the spring and summer months (Figure 51).   

 

 
Figure 50.  Catch-Per-Unit-Effort (CPUE) of juvenile chum salmon in the Nalley Island portion of the 

Skokomish River estuary between July 2008 and September 2009. 

 
   

 
Figure 51.  Mean fork lengths (+/- SE) of juvenile chum salmon caught in the Nalley Island section of the 

Skokomish River estuary between February and September 2009.   
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Limiting Factors: Chum Salmon 
The general lack of information for chum salmon in the Skokomish Basin makes it 

difficult to assess limiting factors for this species.  However, information can be inferred based 
on the status of the three stocks historically present in the Skokomish Basin, summer chum, 
lower fall chum, and upper late fall chum.  Summer chum are apparently extinct in the system, 
while late upper fall chum are apparently healthy.  Lower fall chum are listed as healthy; 
however, there is limited information regarding their actual abundance.  The difference in stock 
status between summer chum and upper late fall chum suggest that habitat factors related to the 
difference is the timing of their major life history events.  These major factors are river entry and 
spawning timing, and potentially outmigration timing and estuarine use. 

Skokomish summer chum salmon spawn between mid-September and mid-October 
(WDFW and PNPTT 2000), which is much earlier than upper late fall chum in the Skokomish 
basin, which spawn from December through January.  The primary habitat differences related to 
these spawning times is river discharge during spawning migration and egg incubation.  Summer 
chum enter the river during summer low flow, when migratory barriers often exist in Vance 
Creek and the South Fork Skokomish.  This would limit habitat available for summer chum 
salmon spawning.  However, it‟s unclear if summer chum salmon spawned in these locations 
historically, since summer chum generally spawn within the lowest one to two miles of 
tributaries (WDFW and PNPTT 2000).  In contrast, upper late fall chum salmon migration 
occurs during the time of year that discharge is adequate for upstream migration.  The entry of 
summer chum salmon during low flow periods would also result in redds being closer to the 
middle of the channel potentially making them more susceptible to scour.  In addition, they 
would spawn before the major fall freshets, meaning their redds would have to survive the high 
discharges associated with this time period.  In contrast, upper late fall chum generally spawn 
after these major high flow periods, which would make them less susceptible to scour.  Thus, the 
scour of redds is a potential factor influencing summer chum salmon stocks in the Skokomish 
Basin. 

Differences in estuarine timing could also result in the differences observed in population 
status between summer chum and upper late fall chum.  Summer chum fry generally emerge in 
late March to early April approximately one month earlier than Hood Canal fall chum (WDFW 
and PNPTT 2000).  This early emergence could influence food availability for summer chum; 
however, this has not been documented for the Skokomish Basin.  Thus, it‟s unclear how food 
availability may influence summer and upper late fall chum in the Skokomish Basin.  This 
should be evaluated further in the future. 

The loss of estuarine habitat likely limits chum salmon in the Skokomish Basin.  The 
documented loss of the stream-estuarine ecotone and estuarine habitat as a result of diking 
described above would significantly reduce habitat available for chum salmon.  As stated above, 
chum salmon are reliant upon estuarine and nearshore habitat for rearing.  This limiting factor 
has recently been addressed by the removal of dikes at Nalley Slough and Nalley Island.  Thus, it 
appears the most likely factor limiting chum salmon in the Skokomish Basin currently, is the 
stability of their spawning habitat.  Given the lack of information regarding spawning habitat 
stability, this issue should be evaluated in the future. 
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Coho Salmon 

Adult 
Skokomish River coho were identified as an individual stock based on their distinct 

spawning distribution.  They were labeled as healthy in the 1992 SASSI, which was upheld in 
2002.  It is a mixed stock with natural spawning occurring in most accessible tributaries to the 
Skokomish River with the most significant area being the lower North Fork Skokomish and 
Vance creek.  The cascades within the South Fork canyon have been listed as a natural migratory 
barrier to coho salmon (WDF 1957); however, we observed juveniles well upstream of this 
location (see below for details).  George Adams Hatchery has made substantial releases of fry 
from several out of basin locations.  Nevertheless, allozyme analysis has identified the stock as 
distinct from all other Washington coho (David Teel, National Marine Fisheries Service 
(NMFS), cited on WDFW SASSI webpage).  Spawner escapement estimates are based on: 1) 
cumulative fish day counts at a number of index reaches on small Skokomish River tributaries: 
Swift Creek (RKM 0.0 (RVM 0.0)  to RKM 0.5 (RVM0.3)), Kirkland Creek (RKM 0.0 (RVM 
0.0)) to (RKM 1.0 (RVM0.6)), Kirkland Cr. unnamed tributary (16.0015, RKM 0.0 (RVM 0.0) 
to RKM 1.4 (RVM0.9)), and Fir Creek (RKM 0.0 (RVM 0.0) to RKM 0.5 (RVM 0.3)); and 2) 
cumulative fish-days values for the North Fork Skokomish River index areas (RKM 19.3 (RVM 
12.0) to RKM 25.1 (RVM 15.6)) which began in 1993 (Figure 52).  A cumulative fish day count 
of 20,000 to 100,000 is roughly equal to a total escapement of 2,000 to 5,000 adult fish (All data 
is from WDFW and publically available at 
http://fortress.wa.gov/dfw/gispublic/apps/salmonscape/default.htm). 

 

Figure 52. Cumulative fish days for coho spawners in small tributaries of the South Fork Skokomish and 
the North Fork Skokomish River 

Juvenile 
Coho salmon generally do not migrate to sea until the spring of their second year of life 

and therefore rely heavily on freshwater habitat as juveniles.  Although they are typically 
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spawned in higher gradient streams, they generally rear in the middle reaches of a watershed and 
prefer slower velocities than most other juvenile salmonids (Quinn 2005).  In a review, Bjornn 
and Reiser (1991), report coho juveniles being found in depths of 30 to 122 cm and velocities of 
approximately 5 to 20 cm/s.  Coho juveniles generally prefer pools over riffles, and their 
densities are positively correlated with LWD presence (Roni and Quinn 2001).  In addition, the 
importance of wood cover may increase with stream size (Peters 1996a). During high flow 
periods throughout the winter months, coho make extensive use of off channel habitat and 
migrate several kilometers down tributaries and main stem reaches to reach these habitats 
(Peterson 1982).  Until recently, it was assumed that juvenile coho salmon do not make extensive 
use of estuaries, relying on them primarily as a transition zone and migration corridor during 
smolt outmigration.  However, Miller and Sadro (2003) reported that coho fry may also use the 
stream-estuary ecotone to rear during the summer, migrating upstream to overwinter in side 
channel or off-channel habitat located in the lower watershed.   

Coho salmon juveniles rear for at least one year in freshwater and then pass quickly 
through the estuary on their seaward migration.  Therefore, deficiencies in their freshwater 
rearing requirements will be their main limiting factor.  In the Skokomish River watershed, the 
disruption of LWD delivery, along with the reduction of off channel habitat are potentially two 
main habitats limiting factors effecting coho salmon.  Juvenile coho growth in the middle 
reaches of the watershed are potentially effected by decreased quantities of LWD and the 
resultant lack of pool and slow water habitat that it creates.  This potential is exacerbated by low 
flows which can isolate pools which result in increased densities, reduced food delivery and high 
temperatures.  In the middle and lower reaches of the watershed, juvenile overwinter survival 
may be lowered due to the reduction in off channel habitat caused by channelization and diking 
as it reduces the amount of habitat available for predator and high flow refugia.  Reduced pool 
frequency in the lower watershed due to aggradation, particularly in lower Vance creek, will also 
affect coho growth and survival as they prefer pool habitats.  Lower flows and higher water 
temperatures in the lower watershed due to aggradation will also affect summer survival of 
juvenile coho.  Coho smolts generally migrate through the estuary rapidly, so moderate declines 
in estuarine habitat should not greatly impact them; however, reductions in the mesohaline 
mixing zone could interfere with their physiological transition to salt water.  However, as stated 
above coho fry may also use the stream-estuary ecotone to rear during the summer (Miller and 
Sadro 2003) 

Next to trout, coho salmon had the widest distribution in the Skokomish Basin.  They 
were observed in tributary, main stem, and pond freshwater habitats (Figure 53).  Juvenile coho 
salmon were observed up to RKM 30 in the South Fork Skokomish, RKM 6 in Vance Creek, 
RKM 7 in McTaggart Creek, and up to the lower dam in the North Fork Skokomish River.  As 
with the other species, distribution of coho salmon was somewhat greater in the winter.  Historic 
accounts suggest that coho salmon cannot pass the cascades in the South Fork Skokomish 
canyon (WDF 1957).  However, we observed juvenile coho salmon well upstream of this 
location.  In reviewing our records, four different snorkelers observed coho salmon in two 
different sites (2-30 and 2-38) upstream of the cascades, including one snorkeler with over ten 
years of snorkeling experience.  Thus, it is our opinion that coho can now access the upper reach 
in limited numbers (based on the few fish we observed).  This may be due to aggradation 
occurring in the lower river, which may have made these cascades passable to coho salmon, or 
due to later return timing for coho salmon in the system.  WDF (1957) stated that coho salmon 
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have been reported above the canyon, but they had not been recorded there by Washington 
Department of Fisheries personnel.  They go on to conclude that these reports are likely spring 
Chinook and discount coho spawning upstream of the canyon.  They report that coho spawn 
from October through February.  However, Skokomish Tribal fisheries personnel have observed 
coho salmon spawning in mid- to late March during recent years (Matt Kowalski, Skokomish 
Tribe, Personal Communication).  This somewhat later timing may result in hydraulic conditions 
in the cascades that allow some coho salmon to pass the cascades.  The final option is that the 
cascades are passable intermittently and we just happened to sample during a year when they 
were able to pass this intermittent barrier. 

The total number of juvenile coho salmon rearing in the Skokomish basin varied 
substantially between summer and winter.  We estimated that just over 1 million and just over 
108,000 juvenile coho salmon were rearing in riverine and pond habitats during the summer and 
winter, respectively.  A majority of these fish were coho fry during the summer (98.2%), while 
the majority were classified coho parr (58.3%) during the winter.  The remaining winter fish 
were nearly equally classified as coho smolts and coho fry.  Survival estimate of coho fry from 
summer to winter, assuming all coho fry were classified as either coho parr or smolts during the 
winter was 8.6%.  In contrast, Quinn and Peterson (1996) estimated coho salmon survival from 
October through smolt migration to be between 25.4% and 46.2% in Big Beef Creek, Hood 
Canal, Washington.  Ebersole et al. (2006) observe overwinter survival rates of 10% in a coastal 
Oregon watershed, and our observations on the Skokomish were within the range they observed. 

Although, a majority of juvenile coho salmon we observed were found in riverine habitat 
there was some seasonal and size class variation.  During the summer, all coho parr and coho 
smolts were found in riverine habitat and 95% of coho fry were found in riverine habitat.  
However, during the winter, 16.5% of coho parr and 18.1% of coho smolts were found in pond 
habitats.  Thus, off-channel pond habitat appears to be more important to these larger size classes 
during the winter than during the summer.   

The relatively small proportion of fish using off-channel ponds is somewhat surprising.  
For example, we estimated that approximately 10,000 coho salmon used all off-channel ponds in 
the Skokomish basin during the winter of 2009.  In contrast, Peterson (1982a) estimated that 
approximately 9,500 coho immigrated into two ponds with a total surface area just over 2 ha in 
the Clearwater River Basin.  Cederholm et al. (1988) observed between 1,700 and 5,500 juvenile 
coho salmon immigrants into a 0.5 ha pond (after restoration).  Thus, our estimate of 
approximately 10,000 coho in nearly 20 ha of off-channel pond habitat is surprising.  It‟s 
possible that our estimates are biased since large portions of the ponds were covered in dense 
vegetation which we could not sample.  However, our winter surveys were completed at night, 
when one would expect juvenile coho salmon to be laying in open water away from cover (i.e. 
Tabor et al. 2006, Peters, personal observation).  The apparent low numbers of fish using off-
channel ponds in this system is surprising especially since survival in these types of habitats is 
generally quite good.  For example, Peterson (1982a) observed 28% percent and 78% survival, 
while Cederholm and Scarlett 1991 observed 43 and 70% survival in off-channel ponds in the 
Clearwater River.  Thus, further examination of the numbers of coho using these systems is 
warranted to determine if physical habitat or water quality issues are preventing greater use of 
these habitats or if our estimates are accurate.  Other than some low DO levels and the dense 
mats of aquatic vegetation covering the bottom, thereby reducing open areas for nighttime 
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rearing, the habitat conditions in the ponds we surveyed seemed to be appropriate.  However, we 
did not assess the access to off-channel ponds.   

The distribution of coho salmon within the ponds varied between summer and winter.  
Coho fry preferred nearshore (3,414 fish/ha) areas to offshore (1,155 fish/ha) areas during the 
summer.  However, no coho fry were observed in nearshore areas during the winter, while 
densities of nearly 21 fish/ha were observed in the offshore areas.  In contrast, yearling coho 
densities were greater in nearshore (639 fish/ha) areas than offshore areas (221 fish/ha) during 
the winter.  No coho parr were observed during the summer.  Coho smolt densities were also 
greater in nearshore areas (217 fish/ha) than offshore areas (121 fish/ha) during the winter.  
Although differences in point estimates were substantially different in some cases, the 90 percent 
confidence intervals overlapped, suggesting the differences are not statistically significant.  This 
is likely due to the relatively small sample size and large variability in the data 
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Figure 53.  Expected juvenile coho salmon distribution in the Skokomish Basin during the summer of 2008 
and winter of 2009, based on observed distribution and reach characteristics (gradient and confinement).  
Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery 
(GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery 
(ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper 
Cushman Dam (UCD). 
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Outmigration data is limited for the Skokomish River.  Three different outmigration 
sampling efforts have been completed.  WDF (1957) completed the most comprehensive 
outmigration sampling in the system to date.  They sampled five location in the Skokomish 
River, just above and below the South Fork Skokomish canyon, Vance Creek (just below Valley 
Rd bridge), North Fork Skokomish (~1.5 mi above mouth), and the Skokomish mainstem (old 
U.S. HWY 101 bridge).   They observed outmigration from January through September, with a 
peak in April through May.  Catches were significantly reduced by late June with few fish caught 
through the rest of the sampling period.  Additional data was collected by the Skokomish Indian 
Tribe in Skobob Creek where they operated a panel trap between 18 April and 30 May, 2003.  In 
2003, a total of 11,058 coho fry were captured in the panel trap, with a fairly uniform catch 
distribution throughout the trapping.  However, two noticeable peaks occurred on 11 May and 26 
May, where approximately 1,400 fish were captured. 

A total of 2,633 unmarked and 771 hatchery coho were captured during our 2009 
trapping season (Figure 54).  Both fry and smolts were captured during the entire sampling 
period of January 21 to July 29, 2009.  Coho fry outmigration peaked in late April through late 
May.  Unmarked coho smolt outmigration peaked from mid-May through mid-June, while 
hatchery coho smolt outmigration peaked in mid-April, immediately after release (4/14-4/18/09).   

 
Figure 54.  Weekly counts (first axis) of juvenile wild and hatchery coho captured in fyke nets (1/21-

3/17/09) and screw trap (3/25-7/29/09), and daily average flow (second axis) on Skokomish River in 2009.  Flow 
data are from USGS gage 12061500 near Potlatch, WA. 

 

A total of 352,603 coho were estimated to have migrated downstream during screw trap 
sampling, with 80% unmarked and 20% of hatchery origin (Table 27).  Coho fry was the most 
numerous size class, accounting for 51% of the coho population, while smolts were slightly less 
abundant and accounted for 46% of the population.  Unmarked coho smolts were estimated at 
87,639 and more abundant than their hatchery counterparts.  The estimated number of hatchery 
smolts to migrate past the trap was approximately 25% of the 298,541 coho smolts released by 
WDFW into Purdy Creek in mid-April 2009.  Thus, either survival of hatchery fish released into 
the system is very low, or our estimates are especially conservative.  Based on apparent 
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underestimation of chum salmon from hatchery releases (discussed above), we assume that our 
estimates of coho salmon outmigration was also biased low. 

WDF (1957) provide relative abundance estimates for coho salmon from their five 
sampling locations.  No coho salmon were caught in the upper South Fork Skokomish trap.  
Vance Creek was listed as the most productive area followed by the North Fork Skokomish and 
then the lower South Fork Skokomish.  However, they noted that the variation in production 
from the four areas was less than that observed for juvenile Chinook salmon.  They estimated 
that 56,000, 35,000, and 21,000 coho salmon migrated past their Vance Creek, North Fork 
Skokomish, and lower South Fork Skokomish outmigration sampling locations, respectively.  
They could not make an overall estimate at the mainstem due to the size and non-uniform flow 
patterns at their lower mainstem sampling location.  Summing the above estimates, which would 
seem reasonable since they cover different parts of the watershed, would provide an estimate of 
approximately 120,000 coho, substantially less than our estimate.  However, their sampling 
locations miss several locations that likely produce significant numbers of coho salmon including 
Swift Creek, Hunter Creek, Purdy Creek, Weaver Creek, and lower mainstem lateral habitats and 
ponds. 

The size of fish sampled during our outmigration sampling was quite variable.  
Unmarked coho sizes ranged from 25 to 159 mm and averaged 62 mm.  Weekly mean fork 
lengths of wild coho showed considerable variation from late January to early April, ranging 
from 37 to 81 mm (Figure 55).  During the following months, unmarked coho sizes were mostly 
between 50 and 75 mm.  Weekly mean fork lengths of hatchery coho smolt were between 100 
and 120 mm during most weeks the fish were present.  Length frequency distributions also 
varied considerably between unmarked and marked coho (Figure 56).  The most common size 
range was 31 to 40 mm for unmarked coho and 121 to130 mm for marked coho.   The size 
distribution observed during our study was similar to that observed by WDF (1957).  They 
observed 0-age coho throughout their outmigration sampling at all but the upper South Fork 
Skokomish outmigration station.  These fish ranged in size from about 38 to just over 50 mm 
through about July, after which no 0-age size data is provided.  Yearling fish averaged about 100 
mm in the North Fork Skokomish during May, while the size of yearling fish increased from 
about 70 mm in February to about 100 mm in May. 
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Figure 55.  Weekly mean lengths and standard errors of juvenile wild and hatchery coho captured in fyke 

nets (1/21-3/17/09) and screw trap (3/25-7/29/09) on the Skokomish River in 2009. 

 

 
 

Figure 56.  Length frequency distribution of juvenile coho captured in fyke nets (1/21-3/17/09) and screw 
trap (3/25-7/29/09) on the Skokomish River in 2009. 

 

Estuary data was collected by the Skokomish Indian Tribe between 27 December, 2004, 
and 5 July, 2005.  The estuary sampling occurred in the vicinity of Nalley Island and West 
Slough.  A total of 1,981 and 1,304 coho salmon were captured at Nalley Island and West 
Slough, respectively.  However, these fish were not noted as fry or smolts, so we could not 
determine the relative numbers of fry and smolts in the samples.  Very few fish were captured 
before mid-April and the peak occurred between mid-April and mid-May, although they were 
recorded until the last sampling event on 5 July (Skokomish Indian Tribe, unpublished data). 

We caught 367 juvenile coho salmon during the estuary sampling.  Juvenile coho salmon 
were captured from April through September, and were most abundant from mid-May through 
late June (Figure 56).  Hatchery coho salmon represented 27% of all juvenile coho salmon 
captured in the estuary.  Unmarked coho salmon were captured at least 15 days before their 
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hatchery counterparts were captured and nearly three months after hatchery coho salmon were 
last captured (Figure 57).  Of the coho salmon captured, about 60% were smolts, 25% were parr, 
and 15% were fry. 

 
Figure 57. Catch-Per-Unit-Effort (CPUE) for juvenile coho salmon in the Nalley Island portion of the 

Skokomish River estuary between July 2008 and September 2009. 

 
Figure 58. Comparison of residence timing of hatchery and unmarked juvenile coho salmon captured in the 

Nalley Island section of the Skokomish River estuary between July 2008 and September 2009. 

 

Individual residence times and population estimates for juvenile coho salmon could not 
be estimated, since no marked fish were ever recaptured.  Juvenile coho salmon in the estuary 
ranged from 71 to 90 mm in fork length and generally increased during the spring and summer 
months (Figure 59).  Hatchery coho salmon were 9 mm longer than their unmarked counterparts 
(Figure 59).   
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Figure 59.  Mean fork lengths (+/- SE) of juvenile coho salmon caught in the Nalley Island section of the 

Skokomish River estuary between February and September 2009.   

 

 
Figure 60.  Mean for length (+/- SE) of hatchery and unmarked juvenile coho salmon captured in Nalley 

Island section of the Skokomish River estuary between February and September 2009.   The mean lengths are based 
on samples sizes of four or more.  Asterisks (*) next to the sampling dates, indicate the dates on which hatchery and 
unmarked fish are significantly different in length. 
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Limiting Factors: Coho Salmon 
Although Skokomish River coho salmon have been listed as healthy by SASSI (2002), 

potentially significant habitat issues exist for this species.  Juvenile coho salmon generally prefer 
pool habitats with slower velocities and densities have been found to be positively related to 
LWD presence (Roni and Quinn 2001).  Pool habitat and LWD levels are somewhat reduced in 
the Skokomish Basin.  In addition, pool habitats were reduced even more during the winter and 
the depths of existing pools were shallower than during the summer.  Pool habitat is critical to 
juvenile coho salmon during the winter.  This lack of pool habitat and LWD cover may be why 
the survival estimates we developed for the Skokomish Basin were substantially lower than those 
observed for coho salmon in Big Beef Creek (Quinn and Peterson 1996).  Although our survival 
estimates were lower than those observe by (Quinn and Peterson 1996), they were within the 
range observed in an Oregon Coastal system (Ebersol et al. 2006). 

Off-channel ponds, although abundant in the Skokomish Basin, may also limit coho 
salmon in this system due to their distribution.  This statement is based on the relatively low 
numbers of coho salmon that we estimated to be using this habitat.  It‟s unclear if the low 
number were due to migration barriers between the main channel and the off-channel ponds, the 
physical characteristics of the ponds, the locations of the ponds within the system, or just due to 
general low use of this habitat type in this system relative to other systems in western 
Washington.  An assessment of migratory barriers to off-channel ponds would be relatively easy 
to complete and should be pursued in the future.  With the exception of low DO at a couple of 
the sites we surveyed and the dense mat of aquatic vegetation, the physical characteristics of the 
ponds seemed adequate for juvenile coho salmon rearing.  The fact that most of the off-channel 
ponds were low in the basin adjacent to the stream-estuary ecotone could result in less use than 
expected if juvenile coho salmon avoided this area due to tidal influence or saline water 
conditions.  However, we observed juvenile coho salmon migrating through this area throughout 
our outmigration sampling and they were frequently observed in the estuary.  In addition, 
salinities were very low in this area during our sampling.  Thus, this does not appear to be an 
issue.  Finally, juvenile coho salmon in the Skokomish Basin simply may not use off-channel 
ponds to the degree that they do in other western Washington Rivers.  This seems unlikely given 
the wet maritime climate present in the basin, but is certainly a possibility.   

Reduced habitat quality and connectivity in the estuary may also limit coho salmon in the 
system.  As stated above, large numbers of juvenile coho salmon migrated through the stream-
estuary ecotone during our sampling and coho fry were frequently observed in the Nalley Island 
portion of the estuary, despite the nearly complete enclosure of the island by dikes.  In order to 
access Nalley Island, juvenile coho would have to migrate to the seaward side of the island and 
migrate through the dike breach.  Once there, they would be required to make this same 
migration to move back upstream during the winter as observed in Oregon Coastal systems 
(Sadro and Miller 2003).  Much of this potential limiting factor has been eliminated by the dike 
removal projects at Nalley Slough and Nalley Island.  Given the small proportion of the 
watershed available for coho salmon, the extensive wetlands in the lower river, and the extensive 
estuary, this life history strategy could be very important for coho salmon production in this 
system.  The level of expression of this life history pattern should be further evaluated in the 
future. 
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Steelhead 

Adult 

Summer 
There is limited information on the status of summer steelhead in the Skokomish Basin.  

They were identified as an individual stock in the 1992 SASSI, but their status remains 
unknown.  Historically, their spawning distribution was thought to be in the South Fork 
Skokomish canyon section (ME2 Environmental Services, 1997).  Along with all other Puget 
Sound steelhead stocks, they were listed as threatened under the ESA on May 11, 2007.  They 
are thought to spawn from February through April, but specific data on escapement is not 
collected. 

 

Winter 
Skokomish River winter steelhead were identified as an individual stock in the 2002 

SASSI based on their distinct spawning distribution.  Their depressed classification was retained 
in the 2006 SASSI based on chronically low escapement numbers and a continued negative 
trend.  In addition, the stock was listed as threatened under the ESA on May 11, 2007.  Most 
spawning takes place in main stem and South Fork Skokomish River from mid-February to mid-
June.  They are capable of accessing the entire watershed that is below anadromous barriers and 
initiate spawning in mid-April and continue through mid-June (ME2 Environmental Services 
1997).  Escapement data is based on redd counts from index reaches in the main stem Skokomish 
(RKM 0.0 (RVM 0.0) to RKM 14.5 (RVM 9.0)), in the North Fork Skokomish River (RKM 14.5 
(RVM 9.0) to RKM 20.9 (RVM 13.0)) and in the South Fork Skokomish River (RKM 0.0 (RVM 
0.0) to RKM 34.4 (21.4)) (Figure 61).  Allozyme analysis seems to indicate that Skokomish 
winter steelhead are distinct from other Hood Canal stocks (Phelps 1997).  In 2007, a winter 
steelhead supplementation program was started in the South Fork Skokomish to address the 
decline of the stock.  Approximately 30,000 eggs are removed from redds in the river each year, 
and 20,000 to 30,000 two year old smolts are subsequently released into the system (Barry 
Berejikian, NOAA, personal communication). 
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Figure 61. Total natural adult winter steelhead in the Skokomish River from 1982 to 2008.  Escapement 
data is based on redd counts from index reaches in the main stem Skokomish (RKM 0.0 (RVM 0.0) to RKM 14.5 
(RVM9.0)), in the North Fork Skokomish (RKM 14.5 (RVM 9.0) to RKM 20.9 (RVM 13.0)) and in the South Fork 
Skokomish (RKM 0.0 (RVM 0.0) to RKM 34.4 (RVM 21.4)).  All data is from WDFW and publically available at 
http://fortress.wa.gov/dfw/gispublic/apps/salmonscape/default.htm 

Juvenile 
Steelhead rely heavily on freshwater habitats and exhibit a broad array of life history 

patterns that result in anywhere from 1 to 3 years of residency in freshwater before seaward 
migration.  In general, they rear higher up in a watershed than either Chinook or coho, and 
therefore are found in higher gradient areas than other species.  As reviewed by Bjornn and 
Resier (1991) juvenile steelhead have been recorded in a wide range of depths and velocities 
with approximate means being a depth of 40 cm and a velocity of 20 cm/s although velocities up 
to 40 cm/s have been recorded.  This represents a range which is generally shallower and swifter 
than most other pacific salmon juveniles.  Juvenile steelhead use riffles and fast flowing pool 
habitats during the summer (Bisson et al. 1988), but prefer pool habitats in the winter (Roni 
2002).  Similar to coho, juvenile steelhead make extensive use of off channel habitat during 
winter months and in some instances were found in higher densities then the main channel 
(Mundie and Traber 1983).   Due to their lengthy residency in freshwater, steelhead generally do 
not reside in the estuary for extended periods on their way to sea (Quinn 2005). 

Steelhead are the most dependent salmonid species on freshwater habitat of all 
anadromous species in the Skokomish River, spending up to three years in freshwater before 
migrating to sea.  Therefore, they will be even more heavily dependent on intact freshwater 
habitats than juvenile coho salmon.  Because they generally rear in the middle and upper reaches 
of the watershed, impacts from logging may impact them the most.  This is especially true, since 
much of the sediment inputs from logging are presumed to still be in the upper watershed (Pentec 
1997).  Thus, spawning habitat may be unstable or redds may be susceptible to fine sediment 
intrusion.  In addition, since steelhead are spring spawners, they will be most affected by reduced 
flows, and higher water temperatures during spring and summer.  Loss of LWD inputs and 
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associated channel simplification is an issue in Brown, LeBar, and Church creeks (ME2 
Environmental Services 1997).  Increased sediment supply and higher stream temperatures could 
affect growth rates, which may ultimately influence life history patterns and age of 
smoltification.  As they move through the lower reaches of the Skokomish Basin, the lack of off 
channel habitat due to reduced floodplain connectivity may reduce survival by limiting access to 
predator and high flow refugia.  

There is little data for rearing densities of juvenile steelhead in the Skokomish Basin. 
Dunham and Chandler (2001) present data for combined rainbow and cutthroat trout densities at 
several sites in the South Fork Skokomish and one site in Church Creek (Table 28).  Based on 
their data, trout appear to be distributed throughout the Skokomish Basin in relatively low 
densities.  Data collected during this GI confirm these results of wide distribution (Figure 62).  
Juvenile trout were estimated to use the South Fork Skokomish up to RKM 30, the North Fork 
Skokomish upstream to the first dam, and up to RKM 8 on Vance Creek. Our predicted 
distribution suggests that trout did not use many of the tributaries in the upper Skokomish Basin.  
However, this is likely due to the lack of sampling locations in those tributaries.  As with the 
other species, trout were estimated to have a greater distribution during the winter than the 
summer.  However, this was may have been influenced by the distribution of our summer and 
winter sample sites.  

Trout were observed in mainstem, tributary, and pond habitats.  Although we did not 
separate trout into O. mykiss and cutthroat during our snorkel surveys, sampling for winter diet 
analysis suggest that O. mykiss were more common in mainstem and tributary habitats (188 in 
mainstem, 80 tributary, 1 pond).  Others have also found that cutthroat trout tend to use pond 
habitats more than O. mykiss, especially if the bottom is composed of fine sediments.  Thus, O. 
mykiss appear to prefer tributary and mainstem habitats to the pond habitats.   
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Table 28. Combined rainbow and cutthroat trout densities observed in Church Creek and several sites in 
the South Fork Skokomish River (from Dunham and Chandler (2001), sites are shown in Figure 62. 

 

  Density (per m2) 
Stream Site Juvenile Adult 
Church Cr 1 0.06 0 
S.F. Skokomish 1 0.06 0 
S.F. Skokomish 10 0.09 0 
S.F. Skokomish 11 0 0 
S.F. Skokomish 12 0.03 0 
S.F. Skokomish 13 0.12 0 
S.F. Skokomish 14 0.03 0 
S.F. Skokomish 15 0.03 0 
S.F. Skokomish 16 0.08 0 
S.F. Skokomish 17 0.07 0 
S.F. Skokomish 18 0.03 0 
S.F. Skokomish 19 0.02 0 
S.F. Skokomish 2 0.06 0 
S.F. Skokomish 20 0.02 0 
S.F. Skokomish 21 0 0 
S.F. Skokomish 22 0.03 0 
S.F. Skokomish 23 0 0 
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Figure 62.  Expected juvenile trout (O. mykiss and O. clarkii) distribution in the Skokomish Basin during 

the summer of 2008 and winter of 2009, based on observed distribution and reach characteristics (gradient and 
confinement).  Landmarks, marked by triangles include, the Skokomish Tribal Center (STC), George Adams 
Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels 
Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam 
(LCD), and Upper Cushman Dam (UCD).
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Outmigration data is limited for the Skokomish River.  Three different outmigration 
sampling efforts have been completed.  Washington Department of Fisheries (WDF) (1957) 
completed the most comprehensive outmigration sampling in the system to date.  They sampled 
five location in the Skokomish River, just above and below the South Fork Skokomish canyon, 
Vance Creek (just below Valley Rd bridge), North Fork Skokomish (~1.5 mi above mouth), and 
the Skokomish mainstem (old U.S. HWY 101 bridge).  Steelhead were caught at all five 
locations.  Migration timing varied somewhat by location but generally occurred from February 
to September (the end of sampling).  Peak outmigration occurred later in the South Fork 
Skokomish (late July) than it did in the other three stations, where the peak occurred in May.  It‟s 
unclear if this timing is due to different aged fish, since no size class information is provided for 
the outmigration timing data.  Although comparisons of relative abundance could not be made 
for all five locations, WDF (1957) determined that steelhead production in the upper South Fork 
Skokomish was greater than that of the canyon and lower South Fork Skokomish.  The 
Skokomish tribe also sampled outmigration fish on Skobob Creek during 2003.  No juvenile 
steelhead were captured during this effort (Skokomish Indian Tribe, unpublished data).  Finally, 
a screw trap has been operated by NOAA fisheries on the South Fork Skokomish near the 
confluence with Vance Creek since 2007 to assess production and outmigration timing steelhead 
from April 1 to June 15.  It appears that downstream migration may have occurred prior to the 
initiation of their sampling on April 1.  Production estimates of 7,600 and 4,000 smolts were 
obtained for 2007 and 2008, respectively (Chris Tatara, NOAA Fisheries, personal 
communication).  These estimates represent smolts greater than 125 cm and do not account for 
missed trap days or production from downstream habitat. 

We collected additional outmigration data for the current study.  We used fyke nets and a 
screw trap to monitor O. mykiss outmigration in the Skokomish River from June 2008 through 
July 2009 (See Appendix Outmigration for details).  We caught a total of 51 O. mykiss during the 
January through July 2009 sampling period, with 50 unmarked and one marked hatchery fish.  
Our catches were likely low due to the fact that steelhead migrate near the bottom of the water 
column and the only appropriate location for our 5 foot screw trap to fish was in a relatively deep 
run.  Although the fyke nets fished in a deeper location, they covered a very small portion of the 
overall surface area of the lower river, as did the screw trap. 

O. mykiss were first caught in early February and last caught on the last day of trapping 
(July 2, 2009).  Peak catches of unmarked O. mykiss occurred in early to mid-May (Figure 63).  
The lone hatchery O. mykiss caught during our sampling was caught on May 22, 2009.  
Unmarked O. mykiss caught in the outmigrant trap averaged 128 mm.  These fish appeared to 
represent several year classes (Figure 64).  Newly emerged fry were caught in early July.  
Apparent 1+ parr and 2+ parr were observed throughout the sampling.  Washington Department 
of Fisheries (WDF 1957) reported that zero age O. mykiss averaged about 32 mm in fork length.  
They reference yearling O. mykiss; however, the figure they reference as showing lengths of 
yearling (their figure 18) is missing from the report.  Thus, we could not determine the average 
length of these yearling fish. 

No juvenile steelhead were captured in the sampling completed by the Skokomish Indian 
Tribe estuary sampling in 2005 (Skokomish Indian Tribe, unpublished data).  We also did not 
capture any steelhead in our estuary sampling in 2008-2009.  This is in agreement with the idea 
that juvenile steelhead move through the estuary quickly and is supported by the steelhead 
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telemetry data collected for this study (See Appendix Steelhead Outmigration, Estuary, Early 
Marine Survival for details).  

Although juvenile steelhead generally migrate through the estuary rapidly, it is important 
to note that more extensive estuarine use has been documented in other systems.  Bond et al. 
(2008) noted extensive use of the estuary by smaller (<150 mm) juveniles when compared with 
larger (>150 mm) individuals who moved almost directly to sea.  More importantly, the smaller 
individuals that utilized the estuary exhibited relatively high growth rates during that period and 
had higher subsequent survival to adults.   

 

 

Figure 63.  Weekly counts (first axis) of juvenile O. mykiss captured in fyke nets (1/21-3/17/09) and screw 
trap (3/25-7/29/09), and daily average flow (second axis) on the Skokomish River in 2009.  Flow data are from 
USGS gage 12061500 near Potlatch, WA. 

 

 

Figure 64.  Length frequency distribution of O. mykiss captured in fyke nets (1/21-3/17/09) and screw trap 
(3/25-7/29/09) on the Skokomish River in 2009. 
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Smolt Size 
Wild smolts tagged in 2006, as part of the early marine survival assessment, were 

significantly larger on average than wild and hatchery smolts tagged in 2007 and 2008, and wild 
smolts tagged in 2009 (ANOVAlength: F5,212 = 23.57, p < 0.001; ANOVAweight: F5,212= 20.68, 
p<0.001; Tukey‟s Multiple Comparison; Table 29). This difference is likely due to different 
capture methods employed in 2006 (some smolts were caught by hook-and-line).  Age-1 
hatchery smolt sizes in 2008 were comparable to those of wild smolts, though age-2 hatchery 
smolts in 2009 were both longer and heavier than all other groups (Table 29).  

 

Table 29. Average length and weight of wild and hatchery reared steelhead tagged during this study.  Only 
fish >155 mm were tagged, so smaller fish were excluded from these data. 

Year 
Number Rearing Mean Length Mean 
tagged History (mm) Weight (g) 

2006 27 Wild 195  4 69.8  6.0 
2007 51 Wild 182  3 56.0  3.1 

2008 
41 Wild 180  3 53.7  2.5 
42 Hatchery 171  1 49.0  1.1 

2009 
23 Wild 175 ± 4 50.9 ± 3.3 
29 Hatchery 211 ± 3 93.5 ± 5.3 

 

Smolt Survival 
Wild steelhead smolt survival from the Point of Release (PR) to the River Mouth (RM) 

ranged from 82% to 99% (Figure 66).  Survival estimates for hatchery smolt groups in 
freshwater were much lower (2008: 48%; 2009: 21%).  All groups traveled from the PR to RM 
in less than 7 days and there were no significant differences in freshwater travel time between 
groups (Table 30). 

 
Table 30 Travel and Residence Times between the point of release (PR) and the river mouth (RM), the RM 

to Hood Canal Bridge (HCB), HCB to the Strait of Juan de Fuca (JDF), and the RM to HCB).  Numbers in 
parentheses indicate the sample size used to calculate the mean and SE. 

Group Travel Times (d ± SE) Residence Time (d) 
 PR-RM RM-HCB HCB-JDF RM-HCB 
2006 (Wild) 2.4 ± .07 (20) 15.6 ± 4.1 (15) 6.1 ± 0.9 (6) 17.4 ± 4.8 (15) 
2007 (Wild) 4.7 ± 0.8 (31) 14.4 ± 2.9 (18) 7.3 ± 2.3 (4) 15.1 ± 2.8 (18) 
2008 (Wild) 3.9 ± 1.4 (13) 11.1 ± 1.9 (11) 5.4 ± 0.3 (3) 19.9 ± 6.4 (11) 
2008 (Hatchery) 6.42 ± 1.4 (10) 14.0 ± 3.8 (4) 3.29 (1) 14.1 ± 2.7 (4) 
2009 (Hatchery) 2.4 ± 0.4 (17) 11.1 ± 1.8 (7) 5.3 ± 0.26 (2) 12.5 ± 1.6 (7) 
2009 (Hatchery) 1.3 ± 0.2 (6) 10.3 ± 1.8 (4) 4.86 (1) 10.4 ± 1.7 (4) 
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River mouth to Hood Canal Bridge (HCB) 
A very wide range of survival rates was observed for the smolts migrating from RM to 

HCB.  The RM-HCB survival estimate was only 40% for hatchery smolts migrating in 2008, 
compared to a very high estimate of 100% survival for hatchery smolts in 2009 (Figure 66). 
Survival of wild smolts ranged from 62% in 2007 to 85% in 2008 and 2009 (Figure 66). 

Mean RM-HCB travel times ranged from 10.3 days (2009 Hatchery) to 15.6 days (2006 
Wild; Table 29).  Wild and hatchery smolts from all years took similar amounts of time to travel 
from RM to HCB. 

Mean Hood Canal residence time tended to be only slightly longer than RM-HCB travel  
times (Table 29), indicating that hatchery and wild smolts did not generally stay within Hood 
Canal once they reached the Hood Canal Bridge.  Average residence times of each smolt group 
in Hood Canal were not different from each other. 

Hood Canal Bridge to Admiralty Inlet (AI) 
Survival estimates from the HCB to AI were generally lower than rates estimated through 

Hood Canal (Figure 2C), despite the HCB-AI distances being only 30% the distance of the RM-
HCB segment (~25 km compared to 75 km).  Overall, the lowest survival rate was experienced 
by wild smolts in 2008 (29%), while hatchery smolts had the highest survival rate in 2009 (65%) 
(Figure 66). 

Hood Canal Bridge to the Strait of Juan de Fuca (JDF) 
The 2006 HCB-JDF survival estimate was lower than the 2006 RM-HCB estimate (40% 

compared to 72.5%), though the distance from the RM to the HCB is over twice as long (~135 
km compared to 75 km). 

All smolt groups took less time on average to travel from the HCB to the JDF (135 km) 
than they took to travel the length of Hood Canal (75 km) (Table 29).  Only one hatchery smolt 
was detected at JDF in 2008 and travelled from HCB to JDF in 3.3 days.  The 2007 wild smolts 
(n=4) averaged 7.3 d to travel from the HCB to the JDF (Table 29). 

Point of release to Strait of Juan de Fuca 
In 2006, the minimum survival rate for Skokomish River wild smolts was estimated to be 

28.6%.  This estimate is a composite of the PR-RM, RM-HCB and HCB-JDF modeled survival 
rates.  This was lower than survival estimates for two other Hood Canal steelhead populations 
tagged in the same year (Big Beef Creek: 41.7%; Dewatto River: 33.3%), but higher than the 
survival estimates for the Hamma Hamma River hatchery population (16.0%) (see Moore et al. 
2010 for more details). 
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Figure 65. Locations of acoustic telemetry receivers in Hood Canal and Strait of Juan de Fuca. Two 

receivers were placed at each river mouth (RM) to detect outmigrating smolts. The Hood Canal Bridge Line was 
comprised of four receivers in 2006 and seven receivers in 2007, 2008, and 2009. The Admiral Inlet line (spanning 
the north entrance to Puget Sound) consisted of 13 receivers, and 30 receivers (31 in 2006) made up the Strait of 
Juan de Fuca line (JDF). 
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Figure 66. Bar chart showing survival rate estimates ± standard errors for three migration segments: (A) 
Point of release to river mouth (PR-RM), (B) River mouth to the Hood Canal Bridge (RM-HCB), and (C) Hood 
Canal Bridge to the Admiralty Inlet (AI) line (HCB-AI). The AI line was deployed in 2008, so no survival estimates 
to this point were made in 2006 or 2007. 
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Limiting Factors: Steelhead 
Steelhead use freshwater habitats more extensively than any of the other anadromous 

salmonids found in the Skokomish Basin.  In contrast, they appear to use estuarine habitat the 
least of the anadromous salmonids found in the Skokomish Basin.  Based on their limited use of 
the estuary and the high survival through this habitat, freshwater habitats appear to be limiting 
steelhead in this basin.  

The two habitat conditions that seem the most likely to limit steelhead production in the 
Skokomish Basin appear to be reduced lateral habitats such as side channels and the lack of pool 
habitat.  Steelhead make extensive use of side channel habitat during the winter (Swales et al. 
1986), which is lacking in the Skokomish system.  In contrast to coho salmon, steelhead use off-
channel ponds with fine substrate infrequently.  Thus, although this type of habitat is abundant in 
the Skokomish Basin, it provides limited habitat for steelhead.  The lack of side channel habitat 
would likely have the greatest impact on juvenile steelhead during fall and winter freshets. 

The lack of pool habitat in the system would also impact juvenile steelhead during the 
winter.  Juvenile steelhead prefer pool habitat during the winter, which provide refugia from high 
currents during the winter.  However, pool habitat is lacking throughout the Skokomish Basin, 
especially in the critical fall and winter freshet season.  Thus, one would expect winter survival 
to be impacted by this lack of preferred habitat.  

Bull Trout 

General Habitat Requirements 
Although some stocks of bull trout are anadromous, they all make extensive if not 

exclusive use of fresh water habitats.  In the Skokomish, they can be found in all reaches of the 
watershed below anadromous barriers (USFS, unpublished date, cited in Simpson 2000).  On a 
micro habitat level, they generally prefer deeper water (33 cm) and slower velocities (9 cm/s) 
(Pratt 1984).  Perhaps most important, compared to other salmonids, is their reliance on cold, 
well-oxygenated water (Goetz 1989).  Bull trout generally occur in streams with temperatures 
less than 15°C (59°F), with spawning generally occurring in streams with temperatures below 
9°C (48°F) (USFWS 2004).  Dramatic increases in spawning migrations have been demonstrated 
above Lake Cushman on the North Fork Skokomish after fall water temperatures decline below 
10°C (Brenkman et al. 2001.) 

Bull trout in the Skokomish River watershed do not appear to be anadromous, based on 
otolith microchemistry (Larry Ogg, USFS, cited in Correa 2003) and therefore depend entirely 
on freshwater habitats throughout their life histories.   However, it should be noted that some 
juveniles have been found in a screw trap in the lower river near the estuary, possibly indicating 
the existence of anadromy.  Although apparently not a typical life history variation in the 
Skokomish at this point in time, it is important to note the extensive use of estuary, near shore, 
and open ocean habitats have been documented by Brenkman and Corbett (2005) and Brenkman 
et al. (2007) by bull trout of all sizes in other Olympic peninsula rivers.  A healthy bull trout 
population would likely exhibit a broad continuum of migratory behaviors and thereby, habitat 
needs.   In addition, bull trout are an apex predator, relying on healthy prey resources to support 
viable populations.  Furthermore, juvenile salmon are generally their main prey source when 
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populations are sympatric (Beauchamp et al. 2001; Clarke et al. 2005).  Therefore, recovering 
healthy salmon stocks could be an important step towards maintaining robust bull trout 
populations. 

Bull trout generally require colder water than their salmon counterparts, and are found 
higher in the watershed.  Populations above Lake Cushman have pristine habitat refugia 
available to them in Olympic National Park, and are not likely to experience any major factors 
limiting habitat in the foreseeable future, although the dams potentially act as barriers to 
migration of what could historically be anadromous or adfluvial populations.  In addition, the 
population that spawns directly upstream of Lake Cushman may have fewer habitats available 
than they did historically due to the increased size of the lake as a result of the dam.   

The South Fork Skokomish population is generally found upstream of a majority of the 
watershed‟s major disturbances.  This area still has a high sediment load as a result of logging 
that may impact this population.  Perhaps most importantly, logging may reduce the riparian 
cover near the stream channel thereby reducing LWD and pool frequency, and increasing stream 
temperatures.  Also, bull trout redds are highly susceptible to scour as the smaller bodied 
individuals cannot bury their eggs as deep as salmon.  Increased fine sediment supply from 
logging activities in the upper watershed can also effect egg-fry survival.  Although the bulk of 
their population in the South Fork Skokomish lies upstream of the canyon section, they have 
been documented throughout the watershed and in a screw trap run by the Skokomish Tribe, and 
are therefore susceptible to previously mentioned factors affecting the lower watershed as well, 
such as low flows, high temperatures, and lack of pool habitat.      

Adult 
Three distinct stocks of bull trout exist in the Skokomish River watershed, a fluvial 

population in the South Fork Skokomish, a lacustrine-adfluvial population in Lake Cushman, and 
a fluvial population in the upper North Fork Skokomish.  The two populations in the North Fork 
Skokomish are geographically isolated from the South Fork Skokomish stock by Cushman Dams 
#1 and 2 built by Tacoma Power (formerly City of Tacoma) in the 1920‟s and 1930‟s.  All bull 
trout were listed as threatened under the ESA November 1, 1999.  The SASSI report lists the 
status of both the South Fork Skokomish and upper North Fork Skokomish stocks as unknown, 
while the Lake Cushman stock is deemed to be healthy.   

The Lake Cushman stock migrates into the North Fork Skokomish, below Staircase 
rapids (RKM 45.2 (RVM 28.1)), to spawn from late September through the end of December 
(Figure 67).  Snorkel surveys conducted by WDFW (1971-1994) and the Park Service (1995-
present) have occurred in different areas below and slightly above Staircase Rapids making 
different years difficult to compare, but both indicate stable populations (Figure 68).  Snorkel 
surveys of the upper North Fork Skokomish (~RKM 49.09 (RVM 31)) in 1988 and 1995 both 
detected bull trout, but spawn timing or location remains unknown.   

The USFS has monitored bull trout in the South Fork Skokomish and its tributaries since 
1994 and indicates that they are present in the South Fork Skokomish proper and in Church, 
Pine, Cedar, LeBar, Brown, Rock, Flat and Vance Creeks.  The highest concentrations of fish 
have been observed in the South Fork Skokomish from RKM 34.6 (RVM 21.5) to the falls at 
RKM 40.2 (RVM 25).  Spawn timing is assumed to be mid-September through December but 
spawning locations are unknown.  Bull trout have only been observed downstream of 
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anadromous barriers and therefore have access to this habitat throughout their life history.  
However, otolith microchemistry indicates that they are not anadromous (Larry Ogg, USFS, 
cited in Correa 2003), although more recently, emigrating smolts have been observed (SASSI 
2006).  Redd counts from RKM 29.8 (RVM 18.5) to RKM 38.2 (RVM 23.75) in South Fork 
Skokomish River and from RKM 0 (RVM 0) to RKM 1.6 (RVM 1.0) in Church Creek indicate a 
depressed, but stable population (Figure 69). 

 

 

 
Figure 67.  Onset, peak, and end of bull trout migration in the North Fork Skokomish River between 

Staircase and Lake Cushman (Sam Brenkman, Olympic National Park, unpublished data).  The red line shows the 
mean onset (September 26), peak (November 14), and end (December 31) of bull trout migration.  
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Figure 68.  Annual peak snorkel counts in the North Fork Skokomish River, 1994-2009 (Sam Brenkman, 

Olympic National Park, unpublished data). 

 

 

Figure 69.  Adult bull trout redd counts from RKM 29.8 (RVM 18.5) to RKM 38.2 (RVM 23.75) in South 
Fork Skokomish and from RKM 0 (RVM 0) to RKM 1.6 (RVM1.0) in Church Creek.  All data is from WDFW and 
publically available at http://fortress.wa.gov/dfw/gispublic/apps/salmonscape/default.htm 

0

5

10

15

20

25

30

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

Year

R
e
d

d
s

http://fortress.wa.gov/dfw/gispublic/apps/salmonscape/default.htm


161 

 

 

There is limited data describing bull trout rearing densities in the Skokomish Basin.  
Brenkman (1998) assessed the distribution of bull trout in the North Fork Skokomish River using 
a combination of snorkeling and single pass electrofishing.  Based on this information, bull trout 
appear to display only a lacustrine-adfluvial life history pattern in this area.  They found no 
evidence of non-migratory bull trout in the Skokomish Basin.  Bull trout are primarily observed 
from Staircase Rapids downstream to Lake Cushman and in the lower sections of Elk and Slate 
Creek.  Based on these surveys, Brenkman (1998) suggest that bull trout are not present in the 
river or its tributaries above RKM 52.  Dunham and Chandler (2001) present data for bull trout 
for 16 sites in the South Fork Skokomish and one site in Church Creek (Table 31).  Bull trout 
were present in only 5 of 16 South Fork Skokomish sites and were not observed at the Church 
Creek site.  Densities were less than 0.01 fish/m2 at all sites where bull trout were observed.   

We observed a total of 12 bull trout in 5 of the 21 riverine study reaches we sampled 
during the summer of 2008 and 2 bull trout in one of 23 riverine study reaches sampled during 
the winter.  We did not observe bull trout in pond habitat during either survey.  Based on the 
locations we observed bull trout, the channel type they were observed in, and the channel type of 
adjacent segments we estimated seasonal bull trout distribution (Figure 70).  They were expected 
to be distributed throughout the Skokomish Basin during both the summer and winter based on 
our summer observations.  We caught one bull trout during our winter survival survey at the 
USACE Vance Creek reach.  This bull trout had a fork length of 132 mm. 

Based on the numbers and distribution of bull trout observed during the summer, we 
estimated that a total of 115 bull trout (95% confidence interval: 42-207) bull trout were present 
in the anadromous portion of the Skokomish Basin.  This represents a rearing density of 1.6 
fish/km.  No estimate was produced for the winter data due to the small number of fish and since 
we observed bull trout in only one reach.  The summer estimate, when combined with the 2008 
peak annual count for the North Fork Skokomish obtained by Olympic National Park personnel 
(202 fish, Sam Brenkman, Olympic National Park, unpublished data) provide a Skokomish Basin 
estimate for these two populations of 317 fish.  This value is less than half the recovery goal for 
the Skokomish River (700 fish with an increasing trend) (USFWS 2004).  Although snorkel 
estimates are known to underestimate population size, we took that into account and expanded 
our estimates by a factor of 1.5 based on bounded count expansion equations (See Appendix F 
for details of methods).  Olympic National Park did not expand their estimates; suggesting that 
these estimates are low.  Assuming a similar expansion factor would increase their estimates to 
304 fish, resulting in a Skokomish Basin estimate of 419 fish, which is still substantially lower 
than the recovery goal. 

We did not catch any bull trout during our outmigration or estuary sampling.  Otolith 
microchemistry assessment of bull trout from the Skokomish Basin suggests that bull trout in this 
system do not display an anadromous life history pattern (Larry Ogg, USFS, Personal 
Communication, cited in Correa 2003).  Although, the current evidence suggests that bull trout in 
the Skokomish River don‟t use the estuary.  The apparent low abundance in the Skokomish 
Basin makes it unlikely that we would catch a bull trout during our sampling efforts even if they 
were present.  In addition, extensive use of estuary, near shore, and open ocean habitats have 
been documented by Brenkman and Corbett (2005) and Brenkman et al. (2007) by bull trout in 
other Olympic peninsula rivers.  Further assessment of bull trout in the system is warranted to 
fully address this issue. 
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Figure 70.  Expected bull trout distribution in the Skokomish Basin during the summer of 2008 and winter 

of 2009, based on observed distribution and reach characteristics (gradient and confinement).  Landmarks, marked 
by triangles include, the Skokomish Tribal Center (STC), George Adams Salmon Hatchery (GASH), McKernan 
Salmon Hatchery (MSH), Skokomish Community Church (SCC), Eels Springs Trout Hatchery (ESTH), High 
Bridge (HSB), Browns Creek Campground (BCC), Lower Cushman Dam (LCD), and Upper Cushman Dam (UCD).  

 

 

 



163 

 

 

Table 31.  Presence of all bull trout and densities of juvenile and adult bull trout observed in Church Creek 
and several sites in the South Fork Skokomish River (From Dunham and Chandler 2001), sites are shown in Figure 

62. 

   Density (per m2) 
Stream Site Present Juvenile Adult 
Church Cr 1 No 0 0 
S.F. Skokomish 1 No 0 0 
S.F. Skokomish 10 No 0 0 
S.F. Skokomish 11 No 0 0 
S.F. Skokomish 12 No 0 0 
S.F. Skokomish 13 Yes 0 0 
S.F. Skokomish 14 Yes 0 0 
S.F. Skokomish 15 No 0 0 
S.F. Skokomish 16 Yes 0 0 
S.F. Skokomish 17 No 0 0 
S.F. Skokomish 18 No 0 0 
S.F. Skokomish 19 Yes 0 0 
S.F. Skokomish 2 No 0 0 
S.F. Skokomish 20 Yes 0 0 
S.F. Skokomish 21 No 0 0 
S.F. Skokomish 22 No 0 0 
S.F. Skokomish 23 No 0 0 

 

Cutthroat Trout 

General habitat requirements 
Coastal cutthroat trout exhibit a wide variety of migratory life history strategies including 

anadromous, potamodromous stream-dwelling and lake-dwelling (i.e., potamodromous fishes 
migrate entirely within freshwater, Myers 1949), and headwater stream-resident life history 
forms, all of which have age specific habitat requirements (Trotter 1989).  Anadromous fish 
spawn in small tributaries from late winter through spring, with the peak in Washington being 
February (Hartman and Gill 1968; Trotter 1989).  Spawning sites are generally not far from 
pools (Hunter 1973; Jones 1978).  Juveniles remain in habitats along stream edges for the first 
few months after emergence and their densities may be affected by the availability of these 
lateral habitats (Moore and Gregory 1988).  When they increase in size, they move to pools 
unless coho salmon are present, in which case they are driven to riffles (Glova and Mason 1976, 
1977).  They have also been shown to utilize floodplain pools and side channel habitat as winter 
refugia (Bustard and Narver 1975; Sedell et al. 1984; Hartman and Brown 1987).  Several 
studies have reported mean depths and current velocities that cutthroat have been shown to 
occupy, with smaller fish utilizing depths of 32-54 cm and velocities of 10 – 14 cm/s, while 
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larger fish prefer deeper (54-62 cm) and faster (14-22 cm/s) areas, although all size classes have 
been shown to inhabit a wide range of depths and velocities (Thompson 1972, Hanson 1977, 
Pratt 1984). While feeding in-stream, cutthroat are drift feeders generally residing at the heads of 
pools (Wilzbach and Hall 1985). Age of seawater entry varies for anadromous cutthroat 
depending on the type of marine environment they enter.  Juvenile cutthroat trout generally smolt 
after 2 years if they migrate to sheltered saltwater areas, but generally smolt after 3 or 4 if they 
migrate to the open ocean.  However, juvenile cutthroat can smolt at any point from age 1 to 6 
(Giger 1972; Lowery 1975; Trotter 1989; ;  Johnson et al. 1999). Seaward migration peaks in 
May and the fish remain in shallow nearshore areas while in salt water. They generally spend 
only the summer at sea before returning to rivers in the next fall or winter after going to sea 
(Johnson et al. 1999). Headwater stream-resident cutthroat trout become sexually mature as early 
as age 2, but seldom live beyond age 4 or 5, rarely migrating more than 200 m from their 
birthplace (Trotter 1989).   

Adults 
We didn‟t find any information regarding adult cutthroat trout in the Skokomish system.  

We observed very few adult bull trout during our sampling and only in the off-channel ponds 
associated with the confluence of Purdy Creek with the mainstem Skokomish River. 

Juveniles 
Trout were observed in mainstem, tributary, and pond habitats.  Although we did not 

separate trout into O. mykiss and cutthroat during our snorkel surveys, sampling for winter diet 
analysis suggest that cutthroat trout were more common in tributary and pond habitats (0 
mainstem, 107 tributary, 17 pond).  Others have also found that cutthroat trout tend to use pond 
habitats more than O. mykiss, especially if the bottom is composed of fine sediments.  Based on 
this information, we assume that most of the trout observed in the ponds were cutthroat.   

Cutthroat trout appear to prefer nearshore areas of off-channel pond habitats.  Densities in 
the nearshore were greater than those in the offshore for zero-age trout during the winter, 1+ 
trout during summer and winter, 2+ trout during the winter, but not summer, and >3+ trout 
during summer and winter.  Although the mean densities were differed, the confidence intervals 
generally overlapped, suggesting that the differences were not statistically different.  This is 
likely due to the relatively small sample size and large variance estimates. 

Other Historic Stocks (Pink and Sockeye) 

While pink salmon and sockeye salmon are no longer found in the Skokomish Basin 
there potential for recolonization should be noted.  Pink salmon are increasing exponentially in 
the North Pacific in general and Puget Sound specifically, providing a nearby source population 
for recolonization (Ruggerone 2010).  In addition, a resident sockeye population persists behind 
Cushman dam as landlocked kokanee (Correa 2003).  Although no plans to reintroduce them to 
the anadromous zone exist, they are likely genetic remnants of the original sockeye population in 
the Skokomish and thus could be a viable source stock if reintroductions were desired in the 
future.   
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Other Species 

We observed 27 non-salmonid species in the Skokomish Basin and the Nalley Island 
portion of the estuary.  The most abundant species included shiner perch, surf smelt, Pacific 
staghorn sculpin, three-spine stickleback, starry flounder, and Pacific sand lance (larvae).  The 
most common species observed during our surveys are described below.  For more detailed 
information on species and their abundance, please see Appendices G and H. 

Lamprey 
Western brook and Pacific lampreys were observed in our fish surveys.  As Pacific, river, 

and western brook lamprey ammocoetes (larvae) are nearly indistinguishable from each other, 
we were unable to identify some juvenile lamprey captured in our surveys.  Because river 
lamprey have been captured in other Puget Sound systems (Wydoski and Whitney 2003) and 
may exist in the Skokomish Basin, they are included in the summaries below.  

Lampreys are a primitive group of fishes that are eel-like in form but lack jaws and paired 
fins (Moyle 2002).  These species have a round sucker-like mouth (oral disc), no scales, and 
breathing holes instead of gills.  Pacific lamprey is the largest of the three species, reaching 
lengths of 70 cm (McPhail 2007).  Adult river lampreys vary in length from 16 to 30 cm, while 
Western brook are usually less than 16 cm long (McPhail 2007).  Pacific and river lampreys are 
anadromous and parasitic, while the nonparasitic western brook lamprey normally spends it 
entire life in freshwater (Wydoski and Whitney 2003).  Available information on the abundance, 
distribution, and stock status of lamprey species in western Washington is extremely limited and 
largely anecdotal.  Data collected on juvenile lamprey is also often listed as “lamprey sp.”  

 

Western Brook Lamprey Life History  
Information for western Brook Lamprey was pulled from Wydoski and Whitney (2003).  

Adult Western brook lampreys spawn in gravel bottomed streams in a riffle or at the tailout of a 
pool (McPhail 2007).  Both sexes construct the nests, often moving stones with their mouths 
(Pletcher 1963).  Spawning occurs from March to July and Western brook lampreys lay 1,100 to 
5,500 eggs per adult female.  After the eggs are deposited and fertilized, the adults typically die 
within 3 to 36 days.  The newly hatched ammocoetes emerge about 10 days after spawning and 
drift into silty backwater areas (Pletcher 1963). They remain burrowed in the stream bottom, 
living as filter feeders on algae and detritus for 2 to 7 years.  Metamorphosis to adult stage 
occurs from February through July, and at this time their gonads are not fully developed.  They 
burrow into the stream substrate where they remain dormant through the winter months.  In the 
spring, western brook lampreys emerge from their burrows sexually mature and remain in 
freshwater where they may migrate short distances to spawn (McPhail 2007).  Western brook 
lampreys are nonparasitic and do not feed as adults.   

River Lamprey Life History  
The parasitic and anadromous river lamprey is genetically and morphologically similar to 

western brook lamprey, which overlaps in range.  Except for the last 6 months to 1 year of life, 
the western brook lamprey and the river lamprey are indistinguishable from each other.  Little 
information is available on river lamprey life history.  According to Moyle (2002), their life span 
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is 6 to 7 years.  Adult lampreys spawn in gravel bottomed streams, at the upstream end of riffle 
habitat. Both sexes construct the nests, often moving stones with their mouths.  River lampreys 
lay 11,400 to 37,300 eggs per adult female.  After the eggs are deposited and fertilized, the adults 
typically die within 3 to 36 days.  After the eggs hatch, young ammocoetes drift downstream to 
areas of low velocity and silt or sand substrate.  They remain burrowed in the stream bottom, 
living as filter feeders on algae and detritus for 2 to 7 years.  Metamorphosis from the 
ammocoete to macropthalmia life stage occurs between July and April.  At this time, 
macropthalmia are thought to live deep in the river channel, which may explain why they are 
rarely observed.  As adults, their oral disc develops just before they enter the ocean between May 
and July.  During the approximately 10 weeks they are at sea in the parasitic phase, they remain 
close to shore, feeding primarily on smelt, herring, and salmon near the surface (Beamish 1980).  
After the adult feeding phase, river lamprey return to freshwater, migrate to spawning areas, and 
cease feeding.  Their degree of fidelity to their natal streams is unknown.   

Pacific Lamprey Life History 
Pacific lamprey is the most widely distributed lamprey species on the west coast of the 

United States.  Historically, they are thought to be distributed wherever salmon and steelhead 
have occurred.  Adult Pacific lampreys are parasitic and feed on a variety of fish.  In the ocean, 
they have been caught in depths ranging from 300 to 2,600 feet, and as far off the west coast as 
62 miles in the ocean.  After spending 1 to 3 years in the marine environment, Pacific lampreys 
cease feeding and migrate to freshwater between February and June.  Adults migrate upstream 
nocturnally (Potter 1980; Beamish and Levings 1991; Chase 2001) from late spring to fall 
(Luzier et al. 2006).  They are thought to overwinter and remain in freshwater habitat for 
approximately one year before spawning, during which time they may shrink in size up to 20 
percent (Fox and Graham 2008).   

Pacific lampreys spawn in similar habitats to salmon; in gravel bottomed streams, at the 
upstream end of riffle habitat and at the tailouts of pools, typically above suitable young larvae 
(ammocoete) habitat (Mattson 1949; Pletcher 1963; Kan 1975).  Spawning occurs between 
March and July depending upon location within their range (Wydoski and Whitney 2003).  The 
degree of homing is unknown, but adult lampreys cue in on ammocoete areas.  Ammocoetes 
release pheromones that are thought to aid adult migration and location of suitable spawning 
habitat.  Both sexes construct the nests, often moving stones with their mouth (Pletcher 1963).  
Pacific lampreys lay 30,000 to 238,400 eggs per adult female (Kan 1975; Wydoski and Whitney 
2003; Close et al. 2002).  After depositing and fertilizing the eggs, the adults typically die within 
3 to 36 days (Pletcher 1963; Kan 1975; Beamish 1980).  Embryos hatch in approximately 20 
days.  Ammocoetes drift downstream to areas of low velocity and fine substrates (Stone and 
Barndt 2005) where they burrow, grow, and live as filter feeders for 2 to 7 years and feed 
primarily on microscopic plant and animal material (Wydoski and Whitney 2003; Beamish 
1987).  Several generations and age classes of ammocoetes congregate in high densities that 
form colonies.  Downstream movement happens year round.  Due to poor swimming ability, 
movement is probably driven by flow conditions and velocities (Moursund 2002).  Movement is 
mostly nocturnal (Beamish and Levings 1991, White and Harvey 2003, Moursund et al. 2000) 
and correlated with discharge but not temperature (Hammond 1979; Potter 1980; Beamish and 
Levings 1991; Close et al. 1995).  Metamorphosis to macropthalmia (juvenile phase) occurs 
gradually over several months as they develop eyes, teeth, and become free swimming.  
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Transformation from ammocoetes to macropthalmia typically begins in July to October (McGree 
et al. 2008).  Juveniles emigrate to the ocean between late fall and spring where they mature into 
adults (Close et al. 1995; Kostow 2002). 

Lamprey Habitats 
Riffle and side channel habitats are important for lamprey spawning.  Lamprey larvae are 

most abundant where the stream channel is relatively deep (0.4−0.5 m), gradient is low (<0.5%) 
and the riparian canopy is open (Torgerson and Close 2004).  Ammocoetes rear in areas located 
near reaches where spawning occurred (Pletcher 1963).  At finer scales, larval occurrence 
corresponds positively with low water velocity, pool habitats and the availability of suitable 
burrowing habitat (Roni 2002; Pirtle et al. 2003; Torgerson and Close 2004; Graham and Brun 
2005).  Ammocoetes are known to use slow depositional areas along streambanks and burrow 
into fine sediments during rearing periods (Pletcher 1963; Lee et al. 1980; Richards 1980; Potter 
1980; Torgerson and Close 2004; Graham and Brun 2005; Cochnauer et al. 2006).  Because 
lamprey ammocoetes colonize areas and are relatively immobile in the stream substrates, good 
water quality is essential for rearing.  Potential threats to lampreys across their range include 
artificial barriers to migration, poor water quality, harvest, predation by nonnative species, 
stream and floodplain degradation, loss of estuarine habitat, decline in prey, ocean conditions, 
dredging, and dewatering (Jackson et al. 1996; Close et al. 1999; BioAnalysts, Inc. 2000; Close 
2000; Nawa et al. 2003). 

Summary of Lampreys Sampled  
Most lampreys we captured or surveyed in the Skokomish Basin were identified as 

Western brook lamprey (Table 32).  The majority of these lampreys were captured in 
outmigration surveys in 2008 and 2009 (Table 32 and Figure 71).  Lamprey were also observed 
or captured during snorkel surveys and PIT tag surveys, while few numbers were captured at a 
lamprey weir operated on the main channel, in off-channel ponds, and while seining at a few 
snorkel sites (Table 32).   

During the outmigration trapping period, a total of 204 Western brook lampreys were 
captured (Figure 71), ranging from 27 to 215 mm in total length.  In 2009 when the entire 
outmigration period was sampled, catch peaked in late January and early February.  The average 
fish size generally decreased during this trapping period, from around 130 mm in total length in 
late January, to around 85 mm during mid-July (Figure 72).  Length frequency distribution of all 
fish captured in 2009 showed a wide of range of sizes; however, about half of all Western brook 
lampreys captured were between 110 and 150 mm in length (Figure 73).  

We also observed Western brook lampreys during both summer and winter snorkel 
surveys.  Between June and September 2008, an estimated 63 brook lampreys were observed in 
the mainstem, tributaries (Hunter and Vance Creeks), and the North Fork Skokomish (see 
Appendix F for details of sampling methods).  Two unidentified lampreys were observed at the 
USACE SFV site, which were estimated to be 15 cm (6 in) and 45 cm (18 in) in length.  Between 
February and April 2009, six brook lampreys were observed in the mainstem and the South Fork 
Skokomish. 

During PIT tag surveys, a total of 25 lampreys were captured and measured.  These fish 
were not identified to species.  They ranged in size from 47 to 171 mm, and averaged 94 mm in 
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length.  Additionally, we captured a total of 15 lampreys at a specially designed lamprey weir 
located near the screw trap from July 9 to July 29, 2009 (Table 32).  Western brook lampreys 
caught at this site ranged in length from 80 to 153 mm, and averaged 135 mm.  The Pacific 
lampreys ranged from 165 to 200 mm in length, and averaged 180 mm.  

During summer pond surveys we observed four Western brook lampreys at site #14, three 
in the nearshore area and one in the offshore area, and one was also observed in the nearshore 
area at site #10.  Two unidentified lampreys were observed at site #05 during winter surveys, one 
each in the nearshore and offshore areas.   In addition, one brook lamprey (TL=130mm) was 
captured during seining at the North Fork Skokomish and South Fork Skokomish confluence in 
July 2008. 

Based on our snorkel estimates, the efficiency of these estimates, and the percentage of 
habitat surveyed, we estimated Skokomish Basin population size for lamprey (see Appendix F 
for detailed methods).  We estimated that 1,165 lampreys existed in the Skokomish Basin during 
the summer of 2008 and 30 lampreys were in the Skokomish Basin during the winter of 2009.  
The difference in estimates is likely due the life history patterns of brook lamprey.  The summer 
estimates were completed from May through the summer and would have occurred when adult 
brook lamprey were spawning.  We saw several pairs building nests during these surveys.  
However, brook lampreys burrow in the substrate during the winter (McPhail 2007) and thus 
would not have been visible during our surveys.  

 
Table 32. Number of lampreys caught or observed during our sampling throughout the Skokomish River in 

2008 and 2009. 

Surveys Capture Date(s) Number 
Length (mm) 

Mean Min. Max. Std. Dev. 
Western brook lamprey      

Outmigration 6/11/2008 - 7/19/2009 204 123 27 215 32.9 
Lamprey weir 7/17/2009 - 7/29/2009 9 135 80 153 23.1 
Off-channel Ponds 8/21/2008 5 NA NA NA NA 
Seining 7/15/2008 1 130 NA NA NA 

Pacific lamprey      
Outmigration 7/2/2008 4 157 136 175 20.4 
Lamprey weir 7/9/2009 - 7/29/2009 5 180 165 200 14.6 

Unidentified lamprey      
Outmigration 5/2/2009-7/17/2009 7 101 55 134 26.8 
Lamprey weir 7/9/2009 1 120 NA NA NA 
PIT Tag surveys 12/16/2008 - 3/3/2009 25 94 47 171 34.8 
Off-channel Ponds 4/8/2009 2 NA NA NA NA 
Winter snorkel  30     
Summer snorkel 6/24/2008 - 9/18/2008 1,165 a     

a Estimated number based on expansion of snorkel estimates using bounded counts of observations.  Most lampreys 
observed were identified as Western brook lamprey. 
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Figure 71.  Weekly counts (first axis) of Western brook lampreys captured in fyke nets (6/11/08 - 3/17/09) 

and a screw trap (4/9-7/19/09), and daily average flow (second axis) of the Skokomish River in 2009.  Flow data are 
from USGS gage 12061500 near Potlatch, WA. 

 

 
Figure 72.  Weekly mean total lengths and standard errors of Western brook lampreys captured in fyke 

nets (1/21-3/17/09) and a screw trap (4/9-7/19/09) on the Skokomish River in 2009. 
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Figure 73.  Length frequency distribution of Western brook lampreys captured in fyke nets (1/21-3/17/09) 

and a screw trap (4/9-7/19/09) on the Skokomish River in 2009. 

Threespine stickleback (Gasterosteus aculeatus) 
Threespine stickleback are small, relatively slow-moving fish that rely on spines and 

armoring to reduce predation risk.  Across their native distribution, threespine stickleback inhabit 
a vast array of habitat types, from small streams to large lakes to the marine environment 
including the open ocean (McPhail 2007).  Both resident and anadromous forms occur.  
Typically, they are found in slow waters in lower reaches of coastal streams and occur upstream 
to major fish barriers such as waterfalls.  Often they are closely associated with aquatic 
vegetation.  In the Skokomish Basin, they also inhabit a variety of habitat types from estuarine, 
riverine, and pond habitats.  In both the estuarine and river samples, threespine stickleback were 
a minor component of the total number of fish observed (Table 33).  However, 64% of all fish 
observed during pond snorkel surveys (winter and summer) were threespine stickleback.  Five 
ponds were surveyed and they were observed in four ponds in the lower part of the Skokomish 
Basin but were absent from Pond #26 in the upper part of the Skokomish Basin.  The upper 
extent of threespine stickleback in the Skokomish Basin is not well known. 

Threespine stickleback commonly live for one year, spawn in May through August, and 
die shortly after spawning (Moyle 2002; Wydoski and Whitney 2003).   However, a lifespan of 
2-5 years is not uncommon (Baker 1994).  Basic life-history information of threespine 
stickleback in the Skokomish Basin is not well known.  We assume they successfully reproduce 
in the ponds and can complete their entire life-cycle in this habitat.  Whether they spawn in 
riverine or estuarine habitats of the Skokomish Basin is unknown.  Threespine stickleback in 
these habitats may just be fish that have been displaced downstream from the ponds.  Length 
frequency data was only obtained from estuary seining and the screw trap.  Screw trap caught 
fish were generally smaller than those caught in the estuary (Figure 74).  Similar to other 
systems, threespine stickleback were usually less than 80 mm TL. 
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Table 33.  Number of threespine stickleback and all other fishes surveyed during several types of sampling 

efforts, Skokomish Basin. 

 

Location type Sampling  type 
Number of 
stickleback  

Number of 
other fishes 

Estuary  Beach seining 281 58,396 
River Lamprey weir 2 237 
River Beach seine 0 189 
River Snorkeling 709 94,619 
River Fyke net 5 2,987 
River Screw trap 238 10,746 
Pond Snorkeling 5,788 3,212 

 
 

 

 
Figure 74.  Length frequency of threespine stickleback collected in the estuary (n = 281) with beach seines 

and in the river (n = 238) with a screw trap, Skokomish Basin. 

 

Freshwater sculpins Cottus spp. 
Freshwater sculpins Cottus spp. are small benthic fishes that are an important component 

of freshwater ecosystems of the Pacific Northwest.  In many habitats they are often the most 
abundant type of fish.  A few different species often occur in the same watershed and are often 
spatially segregated (Tabor et al. 2007a).  Within the Skokomish River, five species of 
freshwater sculpin have been documented which includes coastrange sculpin, prickly sculpin, 
riffle sculpin, reticulate sculpin, and shorthead sculpin (Mongillo and Hallock 1998).  Prickly 
sculpin and coastrange sculpin typically inhabit the lower reaches with prickly sculpin inhabiting 
pools and other slow-water habitats while coastrange sculpin inhabit riffles and other fast-water 
habitats.  Shorthead sculpin typically occur at higher elevations than the other four species.  
Riffle sculpin and reticulate sculpin usually occur in middle reaches in a variety of habitat types.   
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Riffle sculpin and reticulate sculpin are closely related and have not been clearly separated by 
existing morphometric characteristics (Wydoski and Whitney 2003).  Therefore, whether they 
both occur in the Skokomish Basin is unclear.  During our field collections, we referred to them 
collectively as one species, riffle sculpin.  Kinziger et al. (2005) conducted genetic analyses of 
several sculpin species and found riffle sculpin and reticulate sculpin were unique species.  
However, the range and distribution of both species is in need of careful examination.  For 
example, Wydoski and Whitney (2003) indicated the northern extent of reticulate sculpin is the 
Green River in Washington, while Moyle (2002) indicated that reticulate sculpin only extend 
north to the lower Columbia River.  Reticulate sculpin appear to be widespread in many areas of 
western Oregon (Bond 1963) but their distribution in Washington is not well known.  In contrast, 
riffle sculpin are known to be widespread in western Washington. 

Freshwater sculpins were commonly encountered during fish surveys in the Skokomish 
Basin; however, most sampling efforts did not lend themselves for sampling and identifying 
freshwater sculpins.  River and pond habitats were sampled primarily through snorkel surveys. 
Freshwater sculpins are small, cryptic, and often hidden in some type of cover and thus can be 
easily overlooked by snorkelers.  Additionally, freshwater sculpins are difficult to identify while 
snorkeling and field crews just recorded them as unidentified sculpin.  The only sampling 
technique that collected a relatively high percentage of sculpins was the lamprey weir, which 
collected several coastrange sculpin (Table 34).  Freshwater sculpin are often abundant in 
complex habitats (e.g., riffles, woody debris, rip rap, undercut banks) that are best sampled with 
electrofishing equipment. 

 

 
Table 34.  Number of freshwater sculpins and all other fishes surveyed during several types of sampling 

efforts, Skokomish Basin. 

 

Location 
type Sampling  type 

Number of fish 
Unidentified 

sculpin Coastrange Prickly Riffle 
Other 
fishes 

Estuary  Beach seining 69 0 6 0 58,602 
River Lamprey weir 36 91 4 12 96 
River Beach seine 2 2 1 21 163 
River Snorkeling 3,672 0 0 0 91,206 
River Fyke net 2 1 10 1 2,978 
River Screw trap 10 5 34 3 10,932 
Pond Snorkeling 193 0 0 0 8,807 
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Coastrange sculpin (Cottus alecticus) 
 

Coastrange sculpin occur in west coast streams of North America from California to 
Alaska (Wydoski and Whitney 2003).  On the Olympic Peninsula, prickly sculpin are known to 
occur in most major drainages along the entire peninsula at an average elevation of 42 m 
(Mongillo and Hallock 1997).  They are generally found in medium or large streams with a 
moderate to rapid current.  Usually they inhabit areas with a cobble or gravel substrate.  
Coastrange sculpin also inhabit the shoreline and deeper benthic areas of lakes and occasionally 
are found in estuaries.  In general, coastrange sculpin inhabit riffles, whereas, prickly sculpin 
inhabit pools and other slow-water habitat.  However, in upstream reaches where no other 
sculpin exist, coastrange sculpin are found in both pools and riffles (Mason and Machodori 
1976). 

In most locations, the maximum size of coastrange sculpin is 115 mm TL (McPhail and 
Lindsay 1970) and few fish live past 5 years.  In Oregon, coastrange sculpin spawn when they 
are three years old.  However, in the Cedar River, Washington, coastrange sculpin < 60 mm TL 
have been observed with eggs, suggesting some fish may be sexually mature before age 3.  
Spawning takes place in the spring, sometime between February and June.  Eggs are deposited 
under rocks and are adhesive, orange, and less than 1.5 mm in diameter.  A male sculpin protects 
the nest and may spawn with several females.  Fecundity ranges from 260 to 834, depending on 
the size of the fish.  Larval coastrange sculpin are pelagic and do not become bottom-dwelling 
for 32-35 days after hatching (Scott and Crossman 1973). 

Like other freshwater sculpins, coastrange sculpin appear to be opportunistic feeders.  In 
streams and rivers, coastrange sculpin feed mostly on benthic invertebrates, particularly aquatic 
insects.  During certain times of the year at some locations, fish eggs and small fish can make up 
a substantial portion of their diet (Roger 1971, Foote and Brown 1998).   

 

Prickly sculpin (Cottus asper) 
Prickly sculpin occur along the Pacific slope of North America from Seward, Alaska to 

Ventura River, California (Scott and Crossman 1979).  Prickly sculpin typically only inhabit the 
lower reaches of most watersheds.  On the Olympic Peninsula, prickly sculpin were collected at 
an average elevation of 23 m, the lowest average elevation of all cottid species (Mongillo and 
Hallock 1997).  Prickly sculpin are commonly found in lakes, ponds, and quiet waters of rivers.  
In Lake Washington, prickly sculpin inhabit all depths, from the shoreline to depths > 60 m 
(Tabor et al. 2007a).  Prickly sculpin can also be abundant in estuaries, they have been found in 
salinities as high as 24 ppt. 

Prickly sculpin are the largest freshwater cottid in North America, attaining lengths above 
220 mm TL (Tabor et al. 2007b).  Some prickly sculpin become sexually mature at age 1 (12% 
in males, 50% in females) and by age 2 over 90% are sexually mature (Rickard 1980).  
Spawning takes place in the spring.  In Washington, spawning usually occurs in April and May.  
Nests are usually under rocks or logs in areas with slow water velocities.  A male sculpin 
protects the nest and may spawn with several females.  Eggs are adhesive and slightly more than 
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1 mm in diameter.  Fecundity ranges from 700 to 9,600, depending on the size of the fish 
(Rickard 1980).  After hatching, the larvae remain pelagic for 30 to 35 days.   

Prickly sculpin would best be described as opportunistic feeders.  In most locations, they 
feed mostly on large benthic invertebrates.  As prickly sculpin increase in size, they tend to select 
larger prey items.  During certain times of the year at some locations, fish eggs and prey fish can 
make up a major portion of their diet (Tabor et al 2007b).   Because there their size they can 
consume a variety of fish species.  Because of their large size, they can consume a variety of fish 
species. 

Riffle sculpin (Cottus gulosus) 
Riffle sculpin occur in west coast streams of North America from California to 

Washington (Wydoski and Whitney 2003).  On the Olympic Peninsula, riffle sculpin are known 
to occur in most major drainages along the south and west sides including the Sol Duc, Hoh, 
Queets, Quinault, Humptulips, Wynoochee, Satsop, and Skokomish at an average elevation of 
108 m (range, 11-494 m; Mongillo and Hallock 1997).  The riffle sculpin is commonly found in 
quiet waters and slow riffles of small streams and backwaters of large rivers (Tabor et al. 2007a).  
Riffle sculpin also inhabit ponds and small lakes.  Riffle sculpin typically occupy the cool, upper 
reaches of streams, while prickly sculpin occupy the warm, lower reaches (Moyle 2002).  It is 
found in areas having a variety of substrates, but generally in those with sand or gravel bottoms 
(Wydoski and Whitney 2003).  The spectrum of stream habitats that riffle sculpin occupy is 
broadest when other sculpin species are absent (Moyle 2002).   

Generally, the maximum size of riffle sculpin is 120 mm TL and few fish live past 5 
years.  Riffle sculpin in Conner Creek, Washington reached an age of 4 years, but most were less 
than 2 years old, with the average lengths about 35 mm TL for age 1 fish, and 66 cm TL for age 
2 (Wydoski and Whitney 2003).  It matures at two years of age and spawns in late February, 
March and April, with nests made in rotting logs and under rocks in swift riffles (Millikan 1968; 
Moyle 2002).  A male sculpin usually protects the nest.  Eggs are 2.5 mm in diameter, adhesive 
and pale yellow to deep orange.  Fecundity ranges from 104 to 449, depending on the size of the 
fish (Bond 1963; Millikan 1976).  Because their larvae are demersal and adults often have a 
restricted home range, riffle sculpin tend to disperse slowly.  For example, Moyle (2002) noted 
that riffle sculpin in a small stream California took over 18 months to recolonize a riffle that 
went dry that was 500 m downstream of a large population. 

Like other freshwater sculpin, riffle sculpin are opportunistic feeders.  They feed on a 
variety of aquatic insects, isopods, amphipods and snails (Millikan 1968).  Small fish and fish 
eggs are occasionally eaten. 

 

Shorthead sculpin (Cottus confuses) 
 

During our surveys, shorthead sculpin were never documented.  However, this is largely 
because shorthead sculpin typically inhabit cool (< 16oC) headwater streams and we only 
conducted snorkel surveys in the upper Skokomish Basin and sculpins were not identified to 
species.  We assume that many of the sculpins we observed in the upper part of the Skokomish 
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Basin were shorthead sculpin.  In an earlier study, Mongillo and Hallock (1997) documented 
shorthead sculpin in the upper Skokomish Basin.  They found shorthead sculpin inhabited higher 
elevations than any other non-game species on the Olympic Peninsula.  When sympatric with 
other sculpins, shorthead sculpin appear to primarily inhabit riffles; however, they occupy a wide 
range of habitats (e.g., pools, ponds, lakes) when allopatric (Tabor et al. 2007a). 

Shorthead sculpin occur in the Pacific drainage area of North America and are found in 
Puget Sound and Columbia River drainages in Washington.  The northern range of shorthead 
sculpin in Puget Sound stops abruptly at the Snohomish River, which is probably due to historic 
glaciation patterns (McPhail 1967).   

The maximize size of shorthead sculpin is about 130 mm TL.  In general, shorthead 
sculpin will spawn during spring after maturing at age 2-3.  Fecundity in shorthead sculpin (50-
250 eggs) is considered low compared to other sculpin (Bond 1963).  A few weeks after 
hatching, shorthead sculpin adapt a generally benthic lifestyle, which is maintained through the 
remainder of the fishes‟ life history.  In most areas, the diet of shorthead sculpin consists almost 
entirely of aquatic insects.  

 

Mountain whitefish (Prosopium williamsoni) 
Mountain whitefish were never observed in any of our surveys of the Skokomish Basin 

anadromous zone.  This result is surprising given that a population occurs in the North Fork 
Skokomish above Lake Cushman.  Part of their distribution probably also includes Lake 
Cushman.  Mountain whitefish are an abundant fish that are widely distributed along both slopes 
of the Rocky Mountains (McPhail 2007).  Although primarily an inland species, they also occur 
in coastal rivers in western Washington along the west side of the Olympic Peninsula and east 
side of Puget Sound.  The only location on the east side of the Olympic Peninsula that mountain 
whitefish occur is the upper North Fork Skokomish River.  Why mountain whitefish do not occur 
in the anadromous zone of the Skokomish River is unclear.  Possible explanations might fall into 
four categories: 1) poor forage conditions, 2) poor habitat conditions and frequent flood events, 
3) a catastrophic event after which they were unable to recolonize, and 4) Skokomish River is 
not part of their historical distribution (i.e., they were introduced to the upper North Fork 
Skokomish).   

 

1. Forage conditions – Mountain whitefish prey primarily on aquatic insects in rivers, while 
those in lakes prey on snails, zooplankton, and aquatic insects.  Results of our benthic 
invertebrate surveys indicated that aquatic insects are abundant in the Skokomish River 
and there should not be any severe food limitation for mountain whitefish.  Certainly, 
there should enough prey to support a small population of mountain whitefish. 

2. Habitat conditions – Mountain whitefish display three basic life-history patterns: riverine, 
lacustrine, and adfluvial (McPhail 2007).  Riverine populations typically occupy riffles 
during the summer and deep pools during the winter (Wydoski and Whitney 2003).  The 
North Fork Skokomish population appears to be an adfluvial population that is in the 
river during the summer and overwinters in Lake Cushman (Figure 75).  Having adequate 
overwintering habitat may a key element in the persistence of mountain whitefish 
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populations.  Frequent flood events may severely reduce the quality of their 
overwintering habitat.  Additionally, mountain whitefish spawn in the fall or early winter 
and frequent flood events could reduce spawning habitat.  Mountain whitefish eggs are 
demersal and become lodged in between spaces of gravel and rubble (McPhail 2007).  
Therefore, mountain whitefish eggs may be more susceptible to scour events than other 
salmonids that dig deep redds. 

3. Catastrophic event – Historically, a large spill of a toxic substance could have eliminated 
fish populations from a large portion of the Skokomish Basin.  Other species could have 
easily recolonized because they are also found in other environments (i.e., small 
tributaries, upper reaches, marine environment).  Mountain whitefish are found primarily 
in the mainstem and may have difficulty recolonizing. A catastrophic event would be 
most likely in a small, urbanized system.  This would seem to be extremely unlikely in 
the Skokomish Basin because of its size and there are several major tributaries that would 
act a refuge for mountain whitefish.  We are unaware of any major catastrophic event that 
could have eliminated the entire mountain whitefish population.   

4. Historical distribution – On the Olympic Peninsula, mountain whitefish do not occur in 
the north and east watersheds, except for the North Fork Skokomish population.  Perhaps 
this population is an introduced population.  We are not aware of attempts to introduce 
mountain whitefish in Washington.  Perhaps it was done accidentally as part of some 
other introduction in Lake Cushman. 

 

Of the factors listed above, scour of eggs would seem the most likely mechanism that 
mountain whitefish could be eliminated from the anadromous zone of the Skokomish River.  
Also, it seems feasible that mountain whitefish are not native to the Skokomish River because 
they are not native to other areas of the east and north parts of the Olympic Peninsula. 
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Figure 75.  Number of mountain whitefish observed during snorkel surveys of the North Fork Skokomish 

River above Lake Cushman, 1996.  Data and figure are from Sam Brenkman, National Park Service, unpublished 
data. 

 

Shiner perch (Cymatogaster aggregate) 
The shiner perch is a common species found in estuaries and bays of Puget Sound.  It 

occurs primarily in nearshore shallow marine, bay, and estuarine habitats, both intertidally and 
subtidally (Emmett et al 1991).  It also occurs in various coastal streams throughout Puget Sound 
(Wydoski and Whitney 2003).  In our surveys, it was the most abundant species observed 
overall.  Most fish were observed at the Nalley Island estuary, although two individuals were 
also observed during summer snorkel surveys at site 2-40, just upstream from the estuary and 
within the stream estuary ecotone.  A total of 40,707 shiner perch (69% of total catch at the 
estuary) were captured by seine (Figure 76).  From May through September 2009, it was the 
most dominant species at the estuary.  Peak abundance occurred between late June and early July 
in 2009.  The breach was the most productive location, where about 76% of the total was 
captured (Figure 77).   

Shiner perch are live bearers.  The young average 34 to 44 mm in total length at birth 
(Wilson and Millemann 1969) and adults can reach 200 mm in length (Wydoski and Whitney 
2003).  Among the subset of shiner perch we collected data from, fork lengths ranged from 27 to 
134 mm (Figure 78), and mean fork lengths varied between 52 and 95 mm (Figure 79).  Shiner 
perch less than 50 mm were observed only in June and July of both 2008 and 2009.  Moreover, 
75% of shiner perch captured during the occurrence of peak abundance in 2009 were in this size 
range.  These figures suggest that June and July constitute the birthing season for shiner perch in 
the Nalley Island estuary. 
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Figure 76.  Timing of shiner perch captured in the Nalley Island portion of the Skokomish River estuary 

between June 2008 and September 2009. 

 
Figure 77.  Shiner perch catches at different sampling sites on the Nalley Island portion of the Skokomish 

River estuary between June 2008 and September 2009. 
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Figure 78.  Length frequency distribution of shiner perch captured in the Nalley Island portion of the 

Skokomish River estuary between June 2008 and September 2009. 

 

 

Figure 79.  Mean fork length and SE of shiner perch captured in the Nalley Island portion of the 
Skokomish River estuary between June 2008 and September 2009. 

Surf smelt (Hypomesus pretiosus) 
The surf smelt is one of the most common forage fish species in the Puget Sound Basin. 

Larvae, juveniles, and adults can be found over a variety of substrates (Emmett et al. 1991), and 
adults use mixed sand and gravel beaches in many of the intertidal and shallow subtidal areas as 
spawning habitat (Penttila 2007).  During our surveys, surf smelt were observed in the Nalley 
Island estuary and just upstream of the estuary.  It was the second most abundant species 
observed at the Nalley Island estuary.  A total of 9,552 surf smelt were captured by seine (Figure 
80), mostly between October 2008 and March 2009, during which the species is also the most 
dominant species among all catches.  Peak abundance occurred on January 2, 2009 when 6,854 
(72%) surf smelt were caught.  Population estimate based on mark-capture results indicated that 
over 200,000 surf smelt were present on that day.  The Upper West 2 was the most productive 
site, where 61% of total was captured Figure 81).  At site 2-40, we observed 287 surf smelt in 
July 2008 during summer snorkel surveys.  Over the sampling period, fork lengths varied 
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between 40 and 169 mm (Figure 82), and mean fork lengths varied between 109 and 120 mm 
during the months from October 2008 through March 2009 (Figure 83). 

In Puget Sound, surf smelt spawn throughout the year with heaviest spawning between 
June and September, and young-of-the-year surf smelt are virtually ubiquitous along shorelines 
(Penttila 2007).  However, during our surveys, few fish (<20) were observed between June and 
September at the estuary, and over 94% of all surf smelt captured were adults (see size range in 
Emmett et al. 1991).  It is unclear whether the Nalley Island estuary is used as spawning ground. 

 

  

 
Figure 80.  Timing of surf smelt captured in the Nalley Island portion of the Skokomish River estuary 

between June 2008 and September 2009. 

 

 
Figure 81.  Surf smelt catches at different sampling sites on the Nalley Island portion of the Skokomish 

River estuary between June 2008 and September 2009. 
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Figure 82.  Length frequency distribution of surf smelt captured in the Nalley Island portion of the 

Skokomish River estuary between June 2008 and September 2009. 

 

 

Figure 83.  Mean fork length and SE of surf smelt captured in the Nalley Island portion of the Skokomish 
River estuary between June 2008 and September 2009. 

 

Pacific staghorn sculpin Leptocottus armatus 
The Pacific staghorn sculpin is a demersal species widely distributed in Pacific coast 

estuaries.  Adults are usually found in the lower parts of estuaries, while juveniles are found in 
shallow water, riverine, estuarine, and marine habitats (Wydoski and Whitney 2003, Emmett et 
al. 1991).  During our estuary surveys, it was the most frequently encountered species, present on 
all but one sampling date.  Most staghorn sculpin (2,872) were observed in the estuary between 
June 2008 and September 2009 (Figure 84), while one fish was also captured in the screw trap on 
the mainstem in May 2009.  Catches were low between August 2008 and March 2009, and 
substantially higher between April and July 2009.  Peak abundance occurred in May and June 
2009.  The staghorn sculpin were captured at all eight seining sites, and about 40% were 
captured at the breach (Figure 85).  Total lengths varied over a wide range, from 12 to 212 mm 
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(Figure 86).  Mean total lengths increased gradually in 2009, from 24 mm in March to 134 mm 
in September (Figure 87).  The lone staghorn sculpin captured in the screw trap measured 130 
mm. 

 

 
Figure 84. Timing of Pacific staghorn sculpin captured in the Nalley Island portion of the Skokomish River 

estuary between June 2008 and September 2009. 

 

 
Figure 85.  Pacific staghorn sculpin catches at different sampling sites on the Nalley Island portion of the 

Skokomish River estuary between June 2008 and September 2009. 
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Figure 86.  Length frequency distribution of Pacific staghorn sculpin captured in the Nalley Island portion 

of the Skokomish River estuary between June 2008 and September 2009. 

 

 
Figure 87.  Mean total length and SE of Pacific staghorn sculpin captured in the Nalley Island portion of 

the Skokomish River estuary between June 2008 and September 2009. 

 

Starry flounder (Platichthys stellatus) 
The starry flounder is the most abundant flatfishes in many Pacific coast estuaries north 

of San Francisco, California (Emmett et al. 1991).  The species can tolerate a wide range of 
salinities, and is found in a variety of habitat types (Wydoski and Whitney 2003).  During our 
surveys, we observed starry flounder in the Nalley Island estuary, the mainstem Skokomish 
River, and one downstream pond (Table 35).  At the estuary, a total of 270 starry flounder were 
captured between June 2008 and September 2009 (Figure 88).  The fish were present on most 
sampling dates, and were captured at all eight sampling sites (Figure 89).  Overall, total lengths 
ranged from 19 to 226 mm, and the dominant size range appeared to be between 61 and 80 mm 
(Figure 90).  Mean total length gradually increased from 48 in June 2008 to 130 mm in October 
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2008, and then decreased to 48 mm in June 2009 (Figure 91).  The catch was dominated by 
juveniles and small adults (see size range in Emmett et al. 1991). 

On the mainstem Skokomish River, 77 starry flounder were observed at two sites, 2-23 
and 2-40, both just upstream of the Nalley Island estuary.  Two starry flounder were also 
captured in the screw trap during outmigration trapping in 2009: one (FL=56 mm) in late June, 
and one (FL=60 mm) in mid-July.  The location of the screw trap represented the upriver extent 
of the starry flounder observed in our surveys. 

During pond surveys, two starry flounder were observed at site #05 in the nearshore 
transect in September 2008, while three more were observed at the same site in the offshore 
transect in April 2009. 

 

     
Table 35.  Abundance of starry flounder observed during surveys at Skokomish River in 2008 and 2009. 

 

Location type Sampling type Starry flounder total 

Estuary Beach seine 270 

Pond  Snorkel 5 

River Snorkel 77 

River Screw trap 2 

  354 

 

 

Figure 88.  Timing of starry flounder captured in the Nalley Island portion of the Skokomish River estuary 
between June 2008 and September 2009. 

 

J
u

n
-0

8
  

J
u

l-
0

8
  

A
u

g
-0

8
  

S
e

p
-0

8
  

O
c
t-

0
8

  

N
o

v
-0

8
  

D
e

c
-0

8
  

J
a

n
-0

9
  

F
e

b
-0

9
  

M
a

r-
0

9
  

A
p

r-
0

9
  

M
a

y
-0

9
  

J
u

n
-0

9
  

J
u

l-
0

9
  

A
u

g
-0

9
  

S
e

p
-0

9
  

O
c
t-

0
9

  

C
o

u
n

t

0

20

40

60

80



185 

 

 

 
Figure 89.  Starry flounder catches at different sampling sites on the Nalley Island portion of the 

Skokomish River estuary between June 2008 and September 2009. 

 

 
Figure 90.  Length frequency distribution of starry flounder captured in the Nalley Island portion of the 

Skokomish River estuary between June 2008 and September 2009. 
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Figure 91.  Mean total length and SE of starry flounder captured in the Nalley Island portion of the 

Skokomish River estuary between June 2008 and September 2009. 

 

Hatcheries 

In addition to the habitat limiting factors described above, it is important to acknowledge 
an anthropomorphically controlled biological factor which impacts native salmon in the 
Skokomish watershed, hatcheries.  There are three hatcheries in the watershed, although only 
two produce anadromous salmon, George Adams (on Purdy Creek) and McKernan (on Weaver 
Creek).  These facilities currently release hatchery Chinook, coho, and chum salmon into the 
Skokomish Basin as on-station fry and smolt releases.  However, they historically out-planted fry 
into the Skokomish Basin in addition to the on-station releases.  Significant out of basin stocks 
have been reared and released into the Skokomish watershed.  The George Adams facility began 
production in 1961 and has used three out of basin Chinook stocks and eight out of basin coho 
stocks.  In recent years, it releases approximately 3.8 million Fall Chinook each May, and 
300,000 coho each April.  The McKernan hatchery began producing chum fry in 1979 and 
currently releases 8.5 million chum fry each April and 35,000 steelhead.  These large releases of 
juvenile salmon enter the system at the same time as naturally produced individuals and are a 
significant source of competition, especially the Chinook, coho, and steelhead as they will reside 
in the stream for at least several months and potentially a full year or more (reviewed by Einum 
and Fleming 2001; Weber and Fausch 2003; Jonsson and Jonsson 2006; Kostow 2009).  In 
addition, large numbers of hatchery juveniles may increase predation on wild fish by artificially 
elevating predator populations (Steward and Bjornn 1990; Collis et al. 1995; Nickelson 2003).  
Large releases of hatchery fish from an overcrowded environment could potentially increase the 
rate of disease in wild populations (Hedrick 1998; Scramm and Piper 1995).   Finally, hatchery 
fish that return as adults may not return to the hatchery and successfully spawn with wild fish, 
potentially reducing the fitness of wild offspring (reviewed by Hard et al. 1992; Naish et al. 
2007).  Hatchery fall Chinook, in particular, stray in large numbers to the lower South Fork 
Skokomish and Vance Creek (SASSI 2006).   
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Limiting Factors and Restoration Recommendations 

 

As discussed above, salmon habitat issues in the Skokomish Basin can generally be 
categorized into four different types: habitat loss, and the reduced connectivity, stability, and 
quality of remaining habitat.  The main factor resulting in habitat loss is the migratory barrier 
created by the Cushman hydro project.  Additional habitat loss, and reduced habitat connectivity, 
stability, and quality of the remaining habitat are impacted by several factors.  This includes the 
combination of the physical nature of the Skokomish Basin, increased sediment inputs resulting 
from land clearing and logjam removal, reduced hydraulic capabilities of the river resulting from 
water diversion, and river and floodplain constrictions (i.e., levees and bridges).  These factors 
have resulted in too much sediment entering the river channel and reduced the rivers ability to 
transport that sediment, which has resulted in channel aggradation, altered channel morphology 
and degraded habitat conditions for both humans and fish in the Skokomish Basin.   

The relative importance of these different habitat issues can be inferred based on the 
biological communities in the Skokomish Basin.  Biological community structure has long been 
used to assess the health of ecological systems (Cairns and Pratt 1993).  Periphyton and 
macroinvertebrate communities structure specifically were used to assess the health of the 
Skokomish Basin.  However, there is additional information to be gleaned from the fish 
community structure as well.  This section consolidates the information from the periphyton and 
macroinvertebrate assessment with an assessment of the fish communities in the Skokomish 
Basin to further assess the system and potential restoration measures.   

Based on primary and secondary producers, the ecosystem health of the Skokomish Basin 
is relatively good.  However, some metrics from these assessments could indicate habitat issues 
that would impact the fish community in the Skokomish Basin more than they would primary 
and secondary producers.  Long-lived macroinvertebrate taxa were depauperate in a significant 
number of areas, especially in the South Fork Skokomish and lower mainstem.  This may be due 
to lack of interstitial spaces caused by high embeddedness, lack of habitat complexity, bed scour, 
or lack of wood boles used as refugia by these taxa.  Embeddedness was quite low at the sites we 
surveyed, suggesting that this factor likely was not responsible for the poor condition of long-
lived taxa.   

The percentage of the macroinvertebrate community composed of shredders was also 
relatively low.  Shredders feed on allochthonous organic inputs derived from the riparian forest.  
There low abundance suggests that riparian cover is lacking or that habitat complexity and or 
logjams that would retain this material is lacking, which is supported by our habitat data 
collection.  The loss of the vegetated islands and widening of the active channel described by the 
Skokomish Tribe and WDFW (2010) would result in reduced availability of allochthonous 
inputs.  In addition, this would result in greater solar radiation reaching the channel which would 
generally benefit primary and secondary production (reviewed by Chamberlain et al. 1991).  This 
could in part explain why the periphyton and macroinvertebrate metrics examined generally 
suggest the system is relatively healthy despite aggradation which would suggest otherwise. 

The status and trends in the salmonid community offer some additional insight into the 
health of the system.  Spring Chinook salmon are extinct in the Skokomish Basin due to the 
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combination of numerous habitat factors (i.e., dams, altered hydrology, etc.).  Fall Chinook 
salmon escapement has been stable but low, a trend that may be partially due to hatchery fish 
spawning in the system.  The production resulting from these spawners appears to be relatively 
low based on our assessment. This suggests that egg to fry survival may be low.  This would 
result from eggs being smothered by fine sediment or scouring during winter storms (i.e., 
unstable channel).  Scour is known to be a problem in rivers with excess sediment in the channel 
(Tripp and Poulin 1986, Devries 2000).  Scour would be exacerbated by low flows during the fall 
Chinook spawning season that would result in fish spawning closer to the thalweg; increasing 
their susceptibility to scour. 

Two of the three chum salmon stocks in the system are listed as healthy, while the other 
is extinct.  Summer chum salmon are listed as extinct, while lower river fall and upper river late 
chum salmon are listed as healthy.  The primary differences among these three stocks are adult 
run and spawn timing, emergence timing, and timing of estuarine residence.  Summer chum 
enter the river during the late summer and early fall, compared to late fall and early winter for 
the fall chum salmon.  This timing is similar to adult Chinook salmon, which could result in 
incidental harvest targeted at Chinook.  In addition, they would be impacted by low flows and 
dewatered channels (i.e., South Fork Skokomish and Vance) during spawning in a manner 
similar to fall Chinook.  This could isolate them from important spawning habitat and/or require 
them to spawn closer to the thalweg, thereby increasing their susceptibility to redd scour.  Fall 
chum salmon would avoid this potential limiting factor, especially upper late fall chum, which 
has the highest spawning concentrations in the North Fork Skokomish.  The North Fork 
Skokomish would be expected to have more stable spawning habitat as a result of reduced high 
flows which are metered by Cushman dam.   

Since chum salmon rarely rear for extended periods in freshwater habitats, emergence 
timing is roughly synonymous with estuary entry.  Summer chum would emerge earlier than fall 
chum and would therefore enter the estuary much earlier.  Thus, differences in estuarine 
conditions could result in the observed differences in stock status.  Since both stocks would be 
exposed to the same physical estuarine habitat conditions, some other factor such as food 
availability would have to be the cause of the differences observed in stock status.  Since 
summer chum salmon historically thrived in this environment, one would expect that food 
availability was not an issue historically.  It‟s unclear if the habitat alterations in the estuary 
would result in seasonal changes in food availability.  Based on this, it appears that isolation 
from spawning habitat and channel stability resulting in increased scour of redds is the likely 
factor causing the differences in stock status of chum salmon in this system.   

Coho salmon are listed as healthy in the Skokomish Basin.  It‟s unclear if this is partially 
the result of hatchery strays as has been noted for Chinook salmon.  Coho salmon spawn 
relatively late in the system which would help reduce the potential for their redds to scour.  
However, they rear for at least a year in the freshwater environment and thus would require high 
quality rearing habitat.  We observed apparent significant reductions in the number of juvenile 
coho salmon in the system between the summer of 2008 and winter of 2009.  This suggests that 
winter rearing habitat may limit coho salmon production in the system.  This is surprising given 
the extensive wetlands in the lower river.  We were surprised by the apparent low densities of 
juvenile coho salmon rearing in these off-channel ponds relative to densities observed in other 
systems.  This may be due to the level and frequency of overbank flows in the system and the 
level to which they impact pond habitats.  Although coho smolts use the estuary less than either 
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Chinook or chum salmon, coho fry may use the stream-estuary ecotone extensively (Miller and 
Sadro 2003).  We observed significant numbers of coho salmon in the stream-estuary ecotone 
and the estuary of the Skokomish River.  Estuary conditions do not appear to be limiting this 
species based on their overall status. 

Skokomish River steelhead have been listed as depressed and are part of the greater Puget 
Sound steelhead that were listed as threatened under ESA.  Steelhead generally spawn later in the 
spring and therefore would be less susceptible to scour than Chinook salmon or summer chum.  
However, their extended freshwater rearing requirements would make them very susceptible to 
reduced rearing habitat quality including low summer flows, reduced channel complexity, and 
disconnection from the floodplain and riparian zone.  Steelhead could also be susceptible to 
scour while rearing.  Juvenile steelhead hide in the substrate during the day in the winter when 
stream temperatures are cold and emerge at night.  This behavior, if displayed during flooding, 
could lead to scouring impacts to juveniles hiding in interstitial spaces in the substrate.  We 
observed relatively high reductions in successive age classes of trout during our surveys; 
however, these reductions were not as severe as those observe in juvenile coho salmon.  
Steelhead smolts are generally not as dependent on the estuary as Chinook and chum salmon.  
Steelhead smolts in the Skokomish passed through the lower river and through lower Hood 
Canal relatively quickly, suggesting they are not very dependent upon the estuary in this system.  
In addition, steelhead survival through the estuary was high, suggesting that estuarine conditions 
are not limiting this species. 

Bull trout are listed as threatened under ESA throughout its range in Washington State, 
and their populations are depressed in the Skokomish Basin.  Bull trout spawn in the fall and thus 
would be susceptible to redd scour.  They also are the salmonid most dependent upon freshwater 
rearing habitat and thus would be susceptible to degraded habitat conditions.  Bull trout, as an 
apex predator, would also be susceptible to factors impacting their food source, namely other fish 
in the Skokomish Basin. It‟s unclear how dependent bull trout are on estuarine habitat in the 
Skokomish Basin.  No bull trout have been determined to display an anadromous life history 
pattern in the Skokomish River.  However, the prevalence of this life history pattern in other bull 
trout populations on the Olympic Peninsula and Puget Sound suggest that bull trout in the 
Skokomish River likely display this life history pattern and we have simply failed to detect that 
strategy with our limited sampling. 

Based on this evaluation it appears that channel stability, and habitat connectivity and 
quality are the main factors limiting salmon production in this system.  The two stocks extirpated 
from the system, summer chum and spring Chinook were most susceptible to habitat loss (i.e., 
dams), reduced habitat connectivity, channel stability, and reduced habitat quality.  In terms of 
stocks still present in the watershed, winter steelhead and fall Chinook are classified as depressed 
in SASSI, and along with bull trout are listed as threatened under ESA.  Of these stocks, 
steelhead and bull trout would be most impacted by habitat loss associated with Cushman dam.  
Bull trout and Chinook salmon would be susceptible to reduced connectivity during the early fall 
and scouring of their redds.  All three species rely on in-stream habitats, especially steelhead and 
bull trout and would therefore rely on habitat connectivity, especially during the winter.  Fall 
Chinook would be the only species that was heavily reliant on the estuary.   

Coho and fall chum are the only two stocks in the watershed listed as healthy.  The main 
portion of the stock contributing to coho‟s status are the North Fork Skokomish populations, 



190 

 

 

which spawn in an area with relatively high channel stability as a result of flow management at 
Cushman dam.  Fall chum basically forgo rearing in fresh water and spend extended periods of 
time in the estuary on their way to sea.  Based on the status of various stocks, certain conclusions 
regarding habitat quality in the system can be drawn.  First, species that rely heavily on both in-
stream or estuary habitats (i.e., chum, Chinook), with the exception of fall chum, are depressed 
and/or extinct, indicating severe degradation of both habitats.  Second, the spawning location and 
timing of the only fresh water reliant species listed as healthy, coho, is largely in the North Fork 
Skokomish.  This indicates that this portion of the watershed probably has the most stable 
habitat, or conversely, the South Fork Skokomish is the most degraded of the two major forks of 
the Skokomish.   

Finally, the healthiest stock in the Skokomish Basin, fall chum, does not use in-stream 
habitat extensively for rearing.  Although the other estuary dependent species, fall Chinook, is 
classified as depressed, it also relies on in-stream habitat and spawns during a period that makes 
redd scour a significant threat.  Therefore, it appears as though the estuary environment of the 
Skokomish is not as degraded, in terms of limiting salmon production, as the watershed‟s 
freshwater habitat 

The healthiest stocks in the Skokomish Basin, coho and late fall chum, generally spawn 
after a significant risk of scour from fall floods has past.  The depressed and extinct stocks in the 
Skokomish Basin; summer chum, spring and fall Chinook; all place their eggs in the gravel 
before the potentially catastrophic fall floods scour their redds.  The scarcity of long-lived 
macroinvertebrate taxa also suggests that bed scouring is an issue.  In addition, early fall 
migrating salmon, are exposed to high water temperatures, low dissolved oxygen, and potentially 
dewatered sections of river.  Based on this phenomenon it can be inferred that aggradation in the 
lower river, which causes both an unstable channel and high winter flows is a major factor 
limiting salmonid production in the Skokomish river.  

Based on our literature review, the biggest data gap related to characterizing salmonid 
populations remaining to be addressed in the Skokomish River and the factors that influence 
them is the lack of information on incubation and juvenile salmonids.  Data is basically limited 
to information from a year of sampling outmigration by both a panel trap and netting in the 
estuary by the Skokomish tribe and two years of smolt trapping by NOAA, although that was 
focused only on juvenile steelhead.  In addition, the extent to which hatchery origin fish are 
spawning in the wild is incompletely known and could be significant.  The remainder of this 
report will focus on closing the data gap concerning juvenile production and outmigration timing 
in the Skokomish.  Wild and hatchery fish interactions are beyond the scope of this study.   

Information compiled in this report point to four major issues related to habitat 
productivity in the Skokomish Basin including habitat availability, channel stability, habitat 
quality/complexity, and connectivity.  Habitat availability is significantly reduced relative to 
historic levels as a result of dam construction, loss of side channel habitat, and channel 
straightening.  Channel stability (i.e., bed scour) was listed as a significant threat to several 
organisms that have low population levels in the system, including long-lived macroinvertebrate 
taxa, summer chum, fall Chinook, steelhead, and bull trout.  Habitat quality/complexity was 
listed as a likely factor influencing every species evaluated in this report except Spring Chinook 
and summer chum.  However, this was due simply to the weight given to other factors (i.e., 
dams, scour) impacting these two species.  Habitat quality appears to be degraded in both 
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freshwater and estuarine environments; however, it appears to be worse in freshwater 
environments.  Finally, habitat connectivity appears to increase the impacts of the habitat quality 
and scour, and impacts overall habitat availability.   

Habitat and stock restoration recommendations for the Skokomish Basin need to consider 
the effects of future climate change.  Relatively small changes in winter temperatures can shrink 
the transient snow zone appreciably; altering runoff patterns and the severity of peak flows (Cuo 
et al. 2008).  Since the transient snow zone in the Skokomish Basin is relatively large, one would 
expect a relatively large change in precipitation from snow to rain to occur in the future 
(Knowles et al. 2006), resulting in a concurrent shift in runoff from spring and summer to mid-
winter and associated increases in peak flow magnitude.  This hydrologic change will 
subsequently influence sediment transport and channel stability which will influence what 
restoration activities are conducted and how they are designed.  For example, restoration of 
spring Chinook in the South Fork as proposed by the Skokomish Tribe and WDFW (2010) may 
not be possible given the hydrologic changes which may not be appropriate for spring migrating 
salmon. 

We recognize that several other authors and groups have made habitat restoration 
recommendations for the Skokomish Basin (i.e., Correa 2003, Skokomish Indian Tribe and 
WDFW 2010, HCCC 2010).  The recommendations made in this report will be combined with 
those recommendations by the USACE and its partners to develop a final proposed list of habitat 
restoration projects.  We also recognize that several restoration projects have already been 
completed in the Skokomish Basin.  We point these out below as we describe and prioritize our 
recommendations.   

Based on our assessment, we have concluded that factors influencing channel aggradation 
have the greatest impact on the fisheries resources of the Skokomish Basin.  Channel aggradation 
has resulted in habitat loss, reduced channel stability and complexity have been identified as 
impacting biological communities in the system.  Although habitat loss as a result of Cushman 
dam is significant, it influences only spring Chinook and steelhead.  Flow alterations resulting 
from the Cushman Project have had a greater overall impact on the fisheries resource compared 
to loss of habitat as a result of the dam.  In addition, the newly signed Cushman agreement 
provides for upstream and downstream passage of adult and juvenile salmon using trap-and-haul 
techniques.  Thus, the highest priorities for restoration activities is given to projects that would 
reduce sediment input to stream channels, stabilize sediment already in the active channel, and 
providing sufficient hydraulic energy to route this sediment effectively.   

This does not mean that other restoration projects are not valuable; they just weren‟t 
prioritized as highly as the projects described above.  For example, the development of 
floodplain channel network in the vicinity of Hunter and/or Weaver Creeks could provide 
valuable fish habitat, provide for escape routes for fish pushed into the floodplain during 
overbank flow events, and potentially lower the water table during the summer.  This channel 
network would require substantial riparian planting to ensure that water temperature issues didn‟t 
arise due to the smaller channels and potentially increased exposure to solar radiation.  Although 
there is value it these types of projects, they simply don‟t address impaired physical processes in 
the watershed and thus were not prioritized as highly as the projects described above. 

Table 36 lists our prioritized restoration projects for the Skokomish Basin.  We rank the 
watershed processes as follows: 1) improved hydraulic energy for sediment transport, 2) 
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reducing sediment inputs, 3) stabilizing active channel sediment, and 4) increasing habitat 
complexity.  However, prioritization of the individual projects did not follow this process order 
due to the assumed benefits of those projects relative to projects addressing other processes.  The 
individual projects are discussed below based on process ranking.   

Improving the river‟s hydraulic energy to transport sediment can be accomplished by 
either increasing the water available to transport sediment, by eliminating channel and floodplain 
constrictions that result in backwatering during flooding, or by hastening the conversion of the 
braided channel morphology back to an island-braided morphology with lower width to depth 
ratio.  Water availability has historically been controlled by the Cushman project.  However, the 
recent settlement has provided for minimum summer flows and „normative‟ flows during winter.  
Thus, improvements have been made to the amount of flow available to transport sediments.  
This leaves removal of hydraulic constraints in the lower Skokomish Basin and reduced width to 
depth ratios as the only remaining factors that need to be addressed with regard to increasing the 
rivers hydraulic energy for sediment transport. 

Several levees and dikes severely constrain the river and its floodplain.  The greatest 
constrictions occur around Nalley Island, HWY 101, downstream of the Church Dike 
(constrained against the valley wall), and downstream of the old North Fork Skokomish 
Confluence (Figure 92).  A substantial portion of the constrictions at Nalley Island have been 
removed.  The west side levees were removed in 2007, while all levees except those at the 
upstream end of Nalley Island were removed in 2010.  This remaining levee still results in a 
significant constriction to the eastern channel at the upstream end of Nalley Island.  Ideally, this 
constriction would be eliminated.  This would require the mainland levee to be removed or 
setback as the remaining section of the Nalley Island levee protects sites of historical 
significance on the island.  This would be our highest priority levee removal/setback project, 
since a channel constriction at this location will set the gradient and subsequent sediment 
transport regime for the river upstream. 

The second (# 2 on Figure 92) priority for removing channel and floodplain constrictions 
would be the section at the old North Fork Skokomish confluence.  Although we recognize that 
other channel constrictions lower in the system will set the gradient and associated sediment 
transport capabilities upstream, this constriction is by far the worst.  It also occurs at a very poor 
location geographically in the river, the confluence of three main drainages (i.e., South Fork 
Skokomish, Vance Creek, old North Fork Skokomish).  The area upstream of this location also 
shows the worst level of channel instability. 

The third priority would be the area just downstream of the Church levee (# 3 on Figure 
92).  The levee constrains the river against the valley wall at this location and there is evidence 
of channel instability above this location.  Finally, the floodplain fill associated with HWY 101 
(#4 on Figure 92) would be the final floodplain constriction to be addressed.  There is evidence 
that this fill and the constrictions resulting from the bridges result in backwatering; however, it 
does not appear to be as critical as the constrictions discussed previously.  In addition, there is 
limited evidence of channel instability upstream of this location. 

Although the primary purpose of eliminating these hydraulic constrictions is to improve 
sediment transport processes, there will be additional benefits to fisheries resources in the 
system.  These projects will improve habitat connectivity as well.  Removal of the Nalley Island 
levees will dramatically increase the effective estuary size of the Skokomish and Hood Canal 
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Basins.  Although fish have been able to access Nalley Island recently as a result of a levee 
breach, they were required to navigate to the seaward side of the island and then migrate 
upstream through the breach.  Leaving the island also required them to migrate through this 
breach.  We observe coho fry during our summer sampling at Nalley Island.  These fish would 
be expected to migrate upstream during the winter and rear in the main river channel or off-
channel ponds (Miller and Sadro 2003).  However, this migration route would have been made 
difficult as a result of these levees.  Similar effects would be expected for estuarine dependent 
Chinook and chum salmon.  Removal or setback of the remaining levees will also increase 
connectivity with lateral habitats and/or promote their development. 
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Table 36.  Prioritized habitat restoration recommendations from this project describing the project type, process addressed, location, and expected 
effect. 

Priority Project Type Process Addressed Location Expected Effect 

1 Hydrologic Restoration Hydraulic energy Cushman Dam Increased sediment transport capabilities, reduced aggradation, and 
increased channel stability 

2 Remove channel, floodplain 
constriction Hydraulic energy 1 on Figure 92 Increased sediment transport capabilities, reduced aggradation, 

increased channel stability, increased habitat connectivity 

3 Remove channel, floodplain 
constriction Hydraulic energy 2 on Figure 92 Increased sediment transport capabilities, reduced aggradation, 

increased channel stability, increased habitat connectivity 

4 
Stabilize Active Channel 
Sediment/Increase Habitat 
Complexity 

Sediment Input Vance Creek 
Reduced sediment inputs, improved sediment transport and storage in 
the channel, reduced aggradation, increased channel stability, increased 
riparian function, increased habitat complexity 

5 Remove channel, floodplain 
constriction Hydraulic energy 3 on Figure 92 Increased sediment transport capabilities, reduced aggradation, 

increased channel stability, increased habitat connectivity 

6 
Stabilize Active Channel 
Sediment/Increase Habitat 
Complexity 

Sediment Input 

South Fork 
Skokomish 
and Vance 
Creek 

Reduced sediment inputs, improved sediment transport and storage in 
the channel, reduced aggradation, increased channel stability, increased 
riparian function, increased habitat complexity 

7 
Stabilize Active Channel 
Sediment/Increase Habitat 
Complexity 

Sediment Input 

Old North 
Fork 
Skokomish 
Confluence 

Reduce sediment inputs, improved sediment transport and storage in 
the channel, reduced aggradation, increased channel stability, increased 
riparian function, increased habitat complexity 

8 
Stabilize Active Channel 
Sediment/Increase Habitat 
Complexity 

Sediment Input South Fork 
Skokomish 

Reduce sediment inputs, improved sediment transport and storage in 
the channel, reduced aggradation, increased channel stability, increased 
riparian function, increased habitat complexity 

9 Remove channel, floodplain 
constriction Hydraulic energy 4 on Figure 92 Increased sediment transport capabilities, reduced aggradation, 

increased channel stability, increased habitat connectivity 

10 Decommission high risk 
roads Sediment Input 

South Fork 
Skokomish 
and Vance Cr. 

Reduced sediment inputs to the river channel, reduced aggradation, 
increased channel stability and complexity 

11 Stabilize eroding slopes Sediment Input 
South Fork 
Skokomish 
and Vance Cr. 

Reduced sediment inputs to the river channel, reduced aggradation, 
increased channel stability and complexity 
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Figure 92.  Locations (red circles) where channel and floodplain constrictions likely result in backwatering 

and reduced hydraulic energy for sediment transport.  The red lines reflect levees that have been removed, yellow 
shows existing levees, and black shows highways with associated fill across the floodplain.  The numbers represent 
our prioritization for restoration work.  Landmarks, marked by triangles include, the Skokomish Tribal Center 
(STC), George Adams Salmon Hatchery (GASH), McKernan Salmon Hatchery (MSH), Skokomish Community 
Church (SCC), Eels Springs Trout Hatchery (ESTH), High Bridge (HSB), Browns Creek Campground (BCC), 
Lower Cushman Dam (LCD), and Upper Cushman Dam (UCM). 

 

Reducing sediment inputs to the channel was the second priority process to restore.  The 
focus of this effort would be to stabilize sediment inputs arising from mass wasting in the upper 
South Fork Skokomish and Vance Creek.  The individual projects were ranked lower here, due 
to the fact that significant work has already been accomplished in the upper Skokomish Basin 
(Anderson et al. 2007).  However, it‟s unclear exactly how much work remains to be 
accomplished relative to what has been done.  Further analysis of this information will be 
required during the alternatives selection and evaluation portion of the Skokomish GI.  

In our opinion, the final two project types, stabilization of active channel sediment and 
increase habitat complexity could be addressed using the same tool.  We propose the use of 
Engineered Logjams (ELJs) to stabilize sediments in the active channel with the ultimate goal of 
developing mid-channel vegetated islands separated and intersected by side channels.  We 
propose three locations for this activity including Vance Creek below the canyon, the old North 
Fork Skokomish confluence, and the South Fork Skokomish below the canyon (Figure 93).  
Additional sites would be beneficial and potentially better than the proposed projects; however, 
their proximity to houses and infrastructure would require either property acquisition and/or 
owner cooperation.  For this reason, we have not included those locations in the proposed project 
list.  In addition, the proposed sites often go dry during the summer, which would permit 
construction in the „dry‟ which would greatly reduce construction impacts to fisheries resources. 

The prioritization of the ELJs was based on the fact that although these projects may 
achieve greater long-term benefits, they present greater potential risks to resources and adjacent 
property.  Thus, we propose to complete the Vance Creek site first, due to its smaller channel 
size and distance from houses and infrastructure.  The North Fork Skokomish confluence was 

1 

3 
2 

4 
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selected second based on this same criteria.  If these projects prove successful, then the final 
South Fork Skokomish site could be constructed with more confidence.  Additional sites could 
be developed in the South Fork Skokomish and lower mainstem based on the combined success 
of these three projects.  Given the experimental nature of these projects, we suggest that 
extensive geomorphic, hydraulic, physical habitat and biological monitoring be completed to 
assure the desired results are obtained and information is gained to improve subsequent projects. 

Several design factors must be considered for ELJ installations with the objectives we‟ve 
proposed.  We describe some of these considerations below; however, the design and 
construction of these projects should be completed following careful geomorphic and hydrologic 
assessment.  Our proposed design (Figure 94) would be to build large bar apex jams (Abbe and 
Montgomery 1996) at the upstream end of the proposed island locations.  The purpose of these 
jams would be to stabilize the existing sediment and allow for sediment deposition and 
vegetation growth downstream of the jam (Abbe and Montgomery 1996).  Meander jams would 
then be built along the proposed channel route to help create meandering channels and protect 
banks from eroding.  Relatively large meander jams would be built at the upstream and 
downstream end of the developed side channel.  The purpose of the upstream jam would be to 
meter flow through the side channel during flooding and maintain flow during low flow periods.  
The downstream jam would serve to maintain a pool at this location to ensure the channel 
doesn‟t fill in and become isolated from the main channel.   

   

 

 
Figure 93.  Proposed locations (red circles) for engineered logjam (ELJ) installations designed to stabilize 

active channel sediments, and develop vegetated islands and side channels (i.e., habitat complexity).  Landmarks, 
marked by triangles include the Skokomish Community Church (SCC). 
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Figure 94.  Conceptual design for engineered logjam use to stabilize active channel sediments, promote 

vegetated island development, and create side channels (i.e., create habitat diversity).  The design is conceptual only 
and would require specific geomorphic and hydrologic evaluation by trained professionals in those fields and is 
beyond the expertise of the authors and scope of this project. 
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1. INTRODUCTION 
 
The Skokomish River valley has a long history of flooding and the problem has steadily grown 
worse.  Richert, in her history of the Skokomish Valley refers to residents reacting to floods in 
the 1890’s and 1900’s (Richert, 1964).  In 1941, USACE reported that there had been 29 floods 
in 29 years between 1912 and 1941. The report also states that flooding started when the river 
reached 13,000 cfs. Now the Skokomish River begins flooding at approximately 4,000 cfs and 
floods are likely to occur multiple times each year. This increase in flooding has been caused by 
the long-term accumulation of gravel in the river channels of the South Fork and main stem 
Skokomish Rivers. The gravel accumulation has recently become large enough that the riverbed 
has gone dry in late summer in the vicinity of the confluence of the North and South Forks. The 
dry channel has blocked upstream salmon migration for weeks at a time, until fall rains increase 
the streamflow.  This blockage aggravates the degraded fisheries conditions that have existed 
since the late 1890’s (Richert, 1964). 

1.1  Purpose 
 
The purpose of this report is to establish the baseline hydraulic and sedimentation conditions in 
the South Fork and mainstem Skokomish River. The results will provide baselines to evaluate 
the potential effectiveness and impacts of flood risk management, sediment management, and 
ecosystem restoration measures. The main components of this effort include: flood profiles, 
flooded area maps, and sediment transport and deposition analysis. This report will also 
document the methods used to evaluate flooding and sedimentation. The methods and analysis 
followed in this investigation satisfy the criteria for a hydrologic, hydraulic, and sediment impact 
assessment as established in EM 1110-2-1419 Engineering and Design - Hydrologic 
Engineering Requirements for Flood Damage Reduction Studies (USACE 1995) and EM 1110-
2-4000 Sedimentation Investigations of Rivers and Reservoirs (USACE, 1995).  

1.2  Study Area 
 
The Skokomish River basin is located in the southeast corner of the Olympic Peninsula in 
Washington State, and is illustrated in Figure 1. Skokomish watershed is comprised of 3 major 
tributaries; the North Fork, the South Fork and Vance Creek, and the mainstem Skokomish 
River. The detailed study area includes the mainstem Skokomish River and the lower 3 miles of 
the South Fork Skokomish River. Figure 2 illustrates the valley floor, and lists River Miles (RM) 
for the mainstem, North Fork and South Fork Skokomish Rivers. Environmental concerns focus 
mainly in the vicinity of the North and South Fork confluence and the mainstem, while flooding 
impacts the entire valley floor. 
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Figure 1. Skokomish Basin 
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Figure 2. Skokomish Valley 
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2. PAST STUDIES 
 
There have been numerous hydraulic and/or sediment studies done in the Skokomish River basin 
related to flooding, timber harvesting and the Cushman hydro-electric project. Mason County 
and Federal agencies have actively supported studies to support management of the Skokomish 
floodplain (HDR, 2005). Federal, State, and private interests have performed numerous 
investigations of the impacts of timber harvesting and management practices on hydrology and 
sediment production (Pentec, 1997). Tacoma Public Utilities (TPU) and the Skokomish Tribe 
both prepared hydraulic and sedimentation reports during the re-licensing process for the 
Cushman hydro-electric project. Many of those studies were prepared in antagonistic 
environments and have produced conflicting conclusions about sediment processes.  
 
The earliest flood study was a 1941 USACE report (USACE, 1941). That report noted there had 
been 29 floods since 1912 (approximately one per year), even with the flood regulation provide 
by Cushman Hydropower project after 1926.  The report states that flooding in the valley begins 
when the discharge in the main stem reaches 13,000 cfs, and notes "vast amounts of gravel 
moved by the river in flood stage".  USACE considered levees, dredging, and a reservoir as 
possible actions to reduce flood damages, but concluded that no action was economically 
justified.   
 
The Federal Emergency Management Agency (FEMA) published the initial Skokomish River 
Flood Insurance Study (FIS) in 1988, providing one-percent chance exceedance flood elevation 
and floodway maps for the valley (FEMA, 1988). The one-percent chance exceedance event 
floodplain covers nearly all the valley floor downstream of the confluence of the South Fork and 
Vance Creek. The FIS was updated in 1998 and the conventional floodway was replaced with a 
density floodway (FEMA, 1998). The FIS for the Skokomish Indian Reservation was updated in 
2002 (FEMA, 2002). 
 
To help manage the Skokomish River floodplain, Mason County has completed a 
Comprehensive Flood Hazard Management Plan (CFHMP) (KCM, 1996) and channel avulsion 
studies (Skillings-Connolly, 1997a, 1997b and 1999, and GeoEngineers, 2006). The CFHMP 
provides recommendations to reduce flood damages, such as bridge and road modifications for 
Highways 101 and 106, channel improvements, flood-proofing, and floodplain zoning. Channel 
improvements included limited dredging, widening, and bank protection on the Skokomish 
River, and vegetation removal on some tributaries. The avulsion studies assessed the risk, 
potential mechanisms, and likely locations of channel avulsions. These studies have resulted in 
Mason County, at the direction of the Western Washington Growth Management Hearings 
Board, declaring the entire FEMA one-percent chance exceedance  flood Skokomish River 
floodplains to be Special Flood Risk Zones, Floodways, and avulsion risk areas (HDR, 2005).  
 
Federal, State, and private interests have performed numerous investigations of the impacts of 
timber harvesting and management practices on hydrology and sediment production (Pentec, 
1997). Watershed analyses of the South Fork Skokomish River were conducted by the U.S 
Forest Service (1995), and Simpson Timber and Washington Department of Natural Resources 
(1997).  
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The Federal Energy Regulatory Commission (FERC) re-licensing of the Cushman Hydroelectric 
Project instigated numerous reports on hydrology, hydraulics, and sediment transport as the 
Skokomish Tribe challenged Tacoma Public Utility's (TPU) environmental impact studies. 
HARZA Northwest and Simons and Associates (1993), and Simons and Associates (1994, 1995, 
1996, 1998a, and 1998b) analyzed flood levels and sediment transport for TPU. Meanwhile, 
Dawdy (1998), Jay (1992, 1994, 1996, 1998, and 2001) and Watson (1998) addressed 
hydrologic, hydraulic and sedimentation impacts for the Skokomish Tribe. The potential distance 
that higher winter releases ("flushing flows") from the Cushman Project could transport bedload 
in the mainstem Skokomish River was a major point of disagreement.  
 
The U.S. Bureau of Reclamation (Reclamation) recently completed a series of reports on the 
hydrology, hydraulics, and geomorphology of the Skokomish River basin.  While those reports 
were conducted outside of this USACE study, the scopes of work of both agencies have been 
carefully coordinated to avoid duplication of effort and to provide the most useful information 
for stakeholders.  Reclamation conducted hydrologic analyses of the South Fork, North Fork, and 
mainstem Skokomish Rivers in 2007 (Reclamation, 2007) and of Vance Creek in 2009 
(Reclamation, 2009c).  Those analyses provide the flood frequency data used in this report and 
are discussed further in Hydrology Section.  In 2009, Reclamation completed a geomorphic 
analysis and 2-dimensional (2-D) flow modeling of the South Fork and mainstem Skokomish 
Rivers (Reclamation, 2009a and 2009b).  The geomorphic analysis examined historic channel 
positions, soil and sediment characteristics, radiocarbon data, and well logs to develop a 
geomorphic history of the Skokomish Valley.  The report concluded that the river channel had 
been in a similar position for 400-2,000 years and that the valley had been in an aggradational 
environment for around 2,000 years.  The 2-D hydraulic model provided very detailed 
information on flood flow patterns and USACE subsequently requested Reclamation to model 
the baseline floods in the Skokomish Valley. 

3. GENERAL BASIN CHARACTERISTICS 
 
The Skokomish River basin is located in the southeast corner of the Olympic Peninsula in 
Washington State. From headwaters in the Olympic Mountains, the North and South Forks flow 
generally south and southeast respectively, joining near RM 8 to form the Skokomish River that 
then flows east, discharging into Hood Canal at the Great Bend.  

3.1  Watershed Description  
 
The Skokomish watershed drains approximately 230 square miles from three major tributary 
basins, the North Fork (118 square miles), the South Fork (76 square miles) and Vance Creek (29 
square miles). Lake Cushman, a large (4000 ac) reservoir in the upper reaches of the North Fork 
was a natural lake that was dammed and enlarged in 1927 to provide hydropower for TPU.  
 
The upper watershed consists of steep, forested mountains.  Above Lake Cushman, most of the 
North Fork basin is contained by either the Olympic National Park, or is designated Wilderness 
Area, with minimal development. Below Lake Cushman, much of the land is used for timber 
production.  The South Fork and Vance Creek basins have been heavily logged for timber 
production.  
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According to the General Land Office (GLO) survey of 1861, the floodplain consisted of a 
“forest, swampy and impassible in places, and cut by numerous sloughs which drained the valley 
into the river” (Canning et al., 1988). The river channel was noted to contain numerous large 
woody debris jams, some which spanned the channel. Native American tribes inhabited areas 
near the mouth of the river and Vance Creek, and utilized the river and floodplain for hunting, 
fishing and foraging. Currently the Skokomish valley is a mix of agriculture and residential, 
including the Skokomish Indian Reservation that occupies 8.2 square miles in the lower part of 
Skokomish Valley. 
 

3.2  Topography 
 
Northern portions of the Skokomish River basin lie within the southern slopes of the Olympic 
Mountain Range. The upper reaches of the North and South Forks are located in steep-walled 
canyons, with the highest peaks in the basins ranging from 4,500 ft to nearly 6,500 ft. (All 
elevations in this report are in NAVD88 datum.) Mt. Stone and Mt. Skokomish in the North Fork 
basin are the highest peaks at 6,400 ft and 6,300 ft respectively. Capitol Peak, 5,000 ft, is the 
highest point in the South Fork basin. The Vance Creek basin lies to the south, just within the 
foothills of the Olympic Mountains, and has a maximum elevation of around 2,700 ft. All three 
tributaries enter the valley floor at elevations between 80 and 120 ft. The main valley floor is 
over a mile wide and slopes to sea level at Hood Canal. While the dominant slope of the valley is 
downward from west to east, it also has a slight downward slope to the south.  

3.3  Geology 
 
Two physiographic regions dominate the Skokomish River Watershed, the Olympic Mountains 
and the Puget Lowlands. The Olympic Mountains are the result of subduction of the Juan de 
Fuca plate under the North American Plate. Tectonic forces resulted in uplift of the 30 million 
year old volcanic and sedimentary rocks. Repeated glaciation by both alpine and continental 
glaciers carved mountain valleys and deposited sediment in the Puget Lowlands. 
 
Continental glaciers scoured, transported and deposited large volumes of sediment during their 
episodic advance and retreat in the Puget Sound region. Each cycle eroded peaks into plateaus, 
and deposited this sediment as layers which created the Skokomish valley and the perimeter of 
Hood Canal. Continental glaciers advanced to a maximum extent of the midpoint of Lake 
Cushman in the North Fork, the lower third of the South Fork Watershed, and about one half of 
the Vance creek drainage (Long, 1975). Smaller alpine glaciers occurred on the high slopes of 
both the North Fork and South Fork watersheds and terminated approximately at the same 
location as the continental glaciers. 
 
Glacial till was deposited in the Skokomish Valley from both the continental and alpine glaciers. 
Alpine glaciers carried eroded sediment down the valley, and deposited it in terminal moraines. 
Continental glaciers were able to carry much larger volumes of sediment as they reshaped land 
masses, and deposited accumulated sediment at terminal moraines as well. In the Skokomish 
watershed, the combined sources of loose unconsolidated till from both alpine and continental 
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glaciers have greatly changed the landscape. Lake Cushman, before being enlarged for 
hydropower was created naturally as the terminal moraine from a continental glacier dammed the 
North Fork (Long, 1975). On the South Fork, deposited glacial sediment filled the pre-glaciation 
valley causing the river channel to shift south to its present location (Long, 1975). 
 
Unconsolidated glacial till is prone to landslides as rain soaked top layers become heavier and 
exceed the stability of the lower layers. This can be found in both landslides and bank failures of 
the deposited glacial sediment. Each can contribute high loads of sediment to the river system 
which slowly reworks the materials by erosion and deposition over time.  
 
Following the recession of the last continental glaciers about 14,000 years ago, snowmelt from 
the alpine glaciers and rainfall runoff has further shaped the valley. Since that time, the 
Skokomish valley was created by the Skokomish River downcutting nearly 400 feet, and 
removing approximately 40 billion cubic yards of material into Hood Canal (Pentec 1997). 
Evidence of repeated fluvial erosion and deposition is visible on parts of N. Sunnyside Road on 
the North valley wall. Numerous alternating bands of rounded cobbles and gravels with silt/sand 
stone suggest that the channel has repeatedly shifted locations since the recession of the last 
glaciers. 
 
While this region is thought to have isostatic rebound totals of near 50 meters (Thorson 1989), 
current reports put this region in the transition between uplift and subsidence with ground level 
rates of change likely in the range of -1 to +1 mm/yr (Holdahl et al. 1989; Mitchell et al. 1994; 
Hyndman and Wang, 1995; Long and Shennan, 1998). Measurements of sea level rise at the 
National Oceanic and Atmospheric Administration (NOAA) Seattle tide gage with 108 years of 
data is +2.06 mm/yr (NOAA, 2010a). Combining these two measurements, the Skokomish River 
base elevation change is between +1 mm/yr to +3 mm/yr.  
 
Episodic shifts in ground surfaces can also be caused by earthquakes. This region contains 
numerous triggers, and includes fault lines and subduction zones which are capable of 
earthquakes of magnitudes as high as 7.0 to 9.0+ as measured on a Richter scale (WA DNR 
2009). Two major earthquakes (7.0 or greater) are thought to have occurred approximately 1000 
years ago on the Seattle fault and a subduction earthquake 300 years ago (8.0-9+) (WA DNR 
2009). 
 
Recent interest has been focused on a natural, northwest-trending linear berm first noticed by 
Brian Collins (Skokomish Tribe) on LiDAR images. State Route 106 follows the top of this 
berm, and most of the Skokomish Tribal offices are built on it which may explain why these 
portions are often higher than some flooding. While this is currently being investigated by 
researchers at University of Washington and Washington Department of Natural Resources (WA 
DNR), some evidence suggests this berm might be of tectonic origin. Further support can be 
found in older, tilted and somewhat sheared sedimentary beds that are exposed where the berm 
runs into the northern Skokomish valley sidewall at the northwest end of the berm (Personal 
communication with Michael Polenz, 2010). 
  



 

8 
 

3.4  Climate  
 
Based on weather stations located at Shelton, WA (10 miles SE, Elevation 22 feet and 271feet), 
Cushman Powerhouse in Potlatch, WA (Elevation 21 feet), and Cushman Dam (Elevation 760 
feet), the climate is generally mild with temperate summers and winters. Over 80% of the annual 
precipitation falls between October and March, with significant snow accumulation above 3,000 
ft in elevation. Weather station information for the four NOAA weather stations in the region can 
be found in Table 1, while monthly mean temperatures and precipitation for these stations can be 
found in Table 2 (NOAA, 2010b). 
 
Table 1. Skokomish Weather Station Information 
  Period of Record    

Station ID Station Name Start End Lat Long Elev (ft) 

451934 Cushman Dam 1926 1973 47.42389º N 123.21972º W 760 ft 

451939 Cushman Powerhouse 2 1973 - 47.37056º N 123.16º W 21 ft 

457584 Shelton 1931 1999 47.2º N 123.1º W 22 ft 

457585 Shelton Sanderson Field 1999 - 47.23º N 123.13º W 271 ft 

 
 
Table 2. Skokomish Mean Temperatures and Precipitation 
Precipitation (in) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

CUSHMAN DAM           16.2 11.8 10.7 6.1 3.4 2.3 1.2 1.4 3.8 9.4 14.7 17.2 

CUSHMAN 
POWERHOUSE 2      13.8 10.6 9.2 5.5 3.3 1.9 1.1 1.6 2.6 7.7 15.4 15.8 

SHELTON             10.5 8.2 6.8 4.2 2.4 1.7 0.9 1.2 2.5 5.8 9.9 11.3 

SHELTON 
SANDERSON FLD      12.4 4.2 7.0 3.6 2.6 1.0 0.9 1.4 2.1 6.8 12.1 10.9 

             

Temperature (˚F) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

CUSHMAN DAM           37.2 40.2 42.7 48.5 55.2 59.9 64.5 61.5 60.2 52.4 43.8 36.6 

CUSHMAN 
POWERHOUSE 2      40.0 41.7 45.1 49.3 55.2 60.0 64.3 64.4 59.8 51.6 43.9 39.6 

SHELTON             38.9 41.6 44.7 49.5 55.7 60.4 64.7 64.7 60.0 51.7 44.1 39.9 

SHELTON 
SANDERSON FLD      39.2 40.7 43.9 47.5 54.3 59.4 65.1 64.2 58.7 50.6 42.4 38.4 

 
Climate variations between basins are largely the result of geographic orientation, elevation, and 
prevailing direction of approaching storms. Moisture rich air masses from the Pacific Ocean 
often approach the Olympic Mountains from the Southwest, releasing their moisture due to the 
effects of orographic lift. Precipitation ranges from between 65 to 80 inches per year in the 
valley to above 100 inches in the middle reaches. Precipitation maximums are near 120 inches 
per year in the North Fork, 175 inches per year in Vance Creek and up to 250 inches per year at 
the upper reaches of the South Fork drainage. Spatial distribution of rainfall can be seen in 
Figure 3.  
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Figure 3. Skokomish Watershed Annual Precipitation 
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3.5  Human Activities 
 
European and American settlers first arrived in the valley in 1850s, with the major population 
growth occurring between 1890 and 1895 (Amato, 1995).  The primary human activities that 
have impacted the rivers have been timber, agriculture, fisheries, hydropower, and transportation.  
Richert (1964) provides a colorful story of the early pioneer activities in the Skokomish Valley.     
 
Timber harvest initially began in the late 1800’s in the valley portions of the Skokomish 
watershed. Initially, large Douglas fir and cedar trees were cut and then hauled to the river by 
oxen or horses.  The logs were then stored along the river until high flows allowed the logs to be 
floated to Hood Canal.  Floating logs down the Skokomish River required the clearing of 
numerous natural log jams.  In 1891, one jam was described as being 3 miles thick and requiring 
18 months to clear (Richert, 1964).  As the timber supply dwindled in the valley, harvesting 
moved gradually up the watershed onto higher, steeper slopes.  By 1936 approximately 12,000 
acres had been clearcut in the South Fork watershed. Timber harvesting accelerated after 1935, 
with 46,000 acres being clearcut in the South Fork between 1935 and 1995 (USFS, 1995).  Since 
World War II, there has also been active logging in the Vance Creek and lower North Fork 
drainages. Lack of access, steeper slopes, and wilderness and National Park lands have protected 
much of the upper North Fork drainage from logging. 
 
Agriculture began in the valley around 1890 when timber harvesting began to open the 
floodplain.   By the early 1900’s most of the Skokomish River floodplain had been converted to 
pastureland.   Floods and bank erosion presented problems for the early farmers.  Early attempts 
to control the river included; clearing debris jams, channel realignments, and bank protection.  
Rock filled log cribs were used to close side channels, and rock and brush riprap with willows, 
were used for bank protection in 1935 (Washington (?) Department of Conservation and 
Development, 1935).   In the 1930s and 1940s, the Civilian Conservation Corps (CCC) 
straightened the channel between RM 4-6 (Canning et al., 1988). The majority of levees were 
originally constructed in the 1950’s and 1960’s, and were raised or connected during the 1980’s 
and 1990’s (HDR, 2000).  Levees, dikes and revetment were built by valley residents using 
available materials, and were constructed without engineering design or materials.  The longest 
levee is located on the right bank and extends from Swift Creek downstream to about one-half 
mile downstream of the North Fork confluence (HDR, 2000).   
 
Gravel mining has been done for flood risk management and construction material.  The timing 
and volume of gravel mining are not well documented.  Mining areas have included Vance 
Creek, the North/South Forks confluence, and upstream of Hwy 101 (mined in 1932-32 for 
highway construction).   
 
Several species of salmon and steelhead are native to the Skokomish River basin.  Fishing was 
an important activity for the Skokomish Tribe long before the Anglo-American settlement of the 
basin.  In the late-1800’s, fishing became a popular commercial and recreational activity in the 
Skokomish River and Hood Canal.  By 1899, fish stocks were so depleted that a hatchery was 
built on the river (Richert, 1964).  By 1922, Hood Canal was closed to commercial fishing due to 
decreased salmon runs (Smoker, et al, 1952).  Fish populations remain depressed today and 
natural runs are supplemented by one state owned fish hatchery and two private fish hatcheries.  
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TPU’s Cushman Hydroelectric Project has altered flows in the North Fork and mainstem 
Skokomish Rivers, and blocked fish access to the upper North Fork.  Historically, 75 percent of 
the North Fork’s annual flow has been diverted out of the drainage to generate electricity.  This 
flow reduction has further reduced the fish habitat in the North Fork.  Reservoir storage during 
flood events has reduced flood discharges in the mainstem Skokomish River.  Those flood 
discharge reductions have in turn altered bedload transport within the North Fork and mainstem.   
 
The construction of highways 101and 106 created embankments that block overbank flood 
flows.  The impact of those embankments has been reduced with the construction of new bridges 
where SR 101 crosses Purdy Creek and SR 106 crosses the Skokomish River.   
 

4. HYDROLOGY 
 
Streamflow characteristics of the Skokomish River basin are primarily driven by rainfall runoff 
events. Starting in October, winter rains cause an increase in the discharge which peaks between 
December and the end of January. Streamflow slowly tapers off until approximately the end of 
July, in which the hydrograph declines to the annual low flow levels from July through 
September. Upper reaches of the North Fork contain a significant amount of snowpack, which 
results in a secondary hydrograph peak above Lake Cushman. However, due to flow regulation, 
median flows downstream of Lake Cushman are greatly reduced and the secondary peak is 
eliminated. 
 
The South Fork enters the head of the valley at RM 11.5 and is joined by Vance Creek at RM 
9.2. Prior to 2004, the South fork/North Fork confluence was at RM 8.4; but after sediment and 
woody debris blocked that channel, the confluence shifted downstream to RM 7.3 
(GeoEngineers, 2006).  Since 2004, reaches of the river upstream of the North Fork confluence 
have gone dry during summer low flow periods due to subsurface flow through many feet of 
aggraded alluvium.   
 
The hydrologic analysis utilized in this report comes from the U. S. Bureau of Reclamation 
reports on flood frequency, flow duration and trends for the Skokomish River (Reclamation, 
2007) and Vance Creek (Reclamation, 2009c).  Reclamation assumed the data followed a log-
Pearson Type III (LP-III) distribution.  The method of moments was used to estimate the LP-III 
parameters for peak discharge estimates using Expected Moments Algorithm.  Detailed 
descriptions of the hydrologic analysis are presented in those reports and the pertinent results are 
summarized in this report. 
 

4.1  Streamflow Records 
 
In the Skokomish River basin, there are 5 active U.S. Geological Survey (USGS) streamflow 
gages. In addition to the 5 active gages, there are 6 decommissioned streamflow gages and one 
field measurement location on Vance Creek. Gage information including years of recorded data 
can be found in Table 3 and monthly mean flow for each gage over their respective period of 
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record can be found in Table 4. There is a high degree of uncertainty in the peak discharges for 
the South Fork and mainstem Skokomish River gages.  The South Fork has not been accessible 
during floods to adequately measure high discharges.  On the mainstem Skokomish River, flood 
discharges are split into four separate channels and cannot be reliably measured.  It is important 
to note that some of the inactive gages only have a few years of record, and caution should be 
exercised when using this information for statistical analysis. Locations of each gage in the basin 
can be found in Figure 4.  
 
 
 
Table 3. USGS Streamflow Gage Information 
Active Gages Period of Record     

Station ID Station Name Start End Lat Long 

Area 
Sq Mi  

Elev 
(ft) 

12056500 
North Fork Skokomish 
River Below Staircase 
Rapids 

1924 2008 47°30'52" 123°19'43" 57 766 ft 

12058800 
North Fork Skokomish 
River Below lower 
Cushman Dam 

1988 2008 47°23'27" 123°12'30"  233 ft 

12059500 North Fork Skokomish 
River near Potlatch 

1944 2008 47°19'48" 123°14'31" 117 66 ft 

12060500 South Fork Skokomish 
River near Union 

1931, 
1995 

1984, 
2008 

47°20'26 123°16'44" 76 106 ft 

12061500 
Skokomish River near 
Potlatch 

1943 2008 47°18'36 123°10'33" 227 14 ft 

 
Inactive Gages       

12058000 Deer Meadow Creek 
near Hoodsport, WA 

1950 1973 47°24'56" 123°13'36" 2 691 ft 

12058500 
Dow Creek near 
Hoodsport 

1950 1954 47°24'40" 123°11'15" 2 NA 

12059000 McTaggert Creek near 
Hoodsport 

1950 1953 47°24'50" 123°14'25" 1 NA 

12062500 Purdy Creek near Union 1954 1960 47°18'05" 123°10'50" 1 32 ft 

12057500 
North Fork Skokomish 
River near Hoodsport, 
WA 

1913 1978 47°25'24" 123°13'16" 94 489 ft 

12060000 South Fork Skokomish 
River near Potlatch 

1923 1964 47°23'10" 123°18'30" 63 459 ft 

12061000 
Vance Creek near 
Potlatch 

1954 1985 47°19'45" 123°18'48" 15 NA 
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Table 4. USGS Gage Mean Monthly Flows (cfs) 
Active Gages Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 

NF S.R. Below 
Staircase 

716 622 508 514 655 593 336 154 141 371 714 806 511 

NF S.R. Below 
lower Cushman 

77 58 58 71 58 59 58 60 56 54 54 95 63 

NF S.R. near 
Potlatch  1944-
1988 

231 214 144 84 51 38 22 13 12 73 190 245 110 

NF S.R. near 
Potlatch  1989-
2008 

282 209 171 140 89 77 68 67 63 94 193 312 147 

SF S.R. near 
Union 

1,350 1,170 933 741 586 378 222 141 190 537 1,160 1,500 742 

S.R. near 
Potlatch 

2,300 2,060 1,600 1,190 835 557 353 253 296 824 1,990 2,450 1226 

 
Inactive Gages             

Deer Meadow 
Creek near 
Hoodsport 

18 15 12 7.3 2.9 1.7 1.2 0.92 0.85 1.9 8.5 16 7 

Dow Creek 
near Hoodsport 

26 34 10 6.1 2.5 1.2 0.56 0.32 0.29 3.6 11 19 10 

McTaggert 
Creek near 
Hoodsport 

18 17 4.6 3 1.3 0.4 0.02 0.01 0.02 1.5 5.3 13 5 

Purdy Creek 
near Union, 
WA 

31 33 32 32 28 22 19 17 15 14 19 25 24 

North Fork S.R. 
near Hoodsport  

1249 1002 758 568 543 598 407 309 493 887 1175 1303 774 

South Fork 
S.R. near 
Potlatch 

1,020 1,070 675 665 539 349 188 120 151 518 932 1,040 606 
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Figure 4. Skokomish Basin Streamflow Gages 

 

 

4.2  North Fork 
 
The North Fork Skokomish basin is dominated by Lake Cushman. This was a natural lake that 
was expanded in 1926 by the addition of a dam at the lower end. A second dam was completed 
in 1930 downstream of Lake Cushman. TPU diverts water out of the Skokomish basin from the 
lower dam to Powerhouse Number 2 along the shore of Hood Canal. Basin area above the 
original dam is 99 square miles, and 119 square miles above the confluence with the South Fork. 
Between 1913 and 1978, mean annual flow passing below the original dam (Sta No. 12057500) 
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was 774 cfs. For the period between 1989 and 2008, TPU diverted approximately 76% of the 
North Fork flow.  This was computed by mean annual flows for that period from gage 12059500 
(147 cfs) in the numerator, and combining mean annual flow from gage 12056500 (528 cfs) with 
12059500 (147 cfs) and subtracting gage 12058800 (63 cfs) in the denominator. 
 
4.2.1 Base Flows.  It is important to note base flow regulation changes that occurred at TPU’s 
Cushman Power projects. Between creation of the dam and 1988, very small base flows were 
released from the project. However, starting in 1989, the base flow released to the North Fork 
was increased to maintain a minimum in-stream flow of 60 cfs, and a new gage was installed 
(USGS # 12058800). Table 4 divides the period of record for USGS # 12059500 (North Fork 
near Potlatch) into two time periods to reflect these operational changes.  
 
In January 2009, TPU, Skokomish Tribe and state and federal agencies signed a settlement 
agreement for the Cushman Project as a part of the Federal Energy Regulatory Commission 
(FERC) Cushman Project Relicensing (FERC Project No. 460). This agreement resolves 
litigation against TPU by the Skokomish Tribe, and outlines a minimum volume and distribution 
of flow releases to the North Fork. The agreement allows some flexibility for modification, but 
TPU will be responsible for maintaining the following minimum flow requirements found in 
Table 5 (FERC, 2009). Also incorporated into the document are provisions to allow for releases 
of “flushing flows” of up to 2,200 cfs for 48 hours, to increase sediment transport in the 
mainstem.  
 
Table 5. Future Cushman Project minimum flow releases to the North Fork Skokomish River. 

Month Flow  Month Flow 

January 150 cfs  July 100 cfs 

February 150 cfs  August 100 cfs 

March 180 cfs  September 170 cfs 

April 180 cfs  October 180 cfs 

May 180 cfs  November 180 cfs 

June 170 cfs  December 180 cfs 

 
 
4.2.2  Flood Frequency.  Reclamation (2007) prepared a flood frequency analysis for the North 
Fork Skokomish River below Staircase Rapids (upstream of Cushman Reservoir.  The results of 
that analysis are listed in Table 6.    The TPU Cushman project has substantially reduced flood 
discharges to the Skokomish Valley; from 1945 through 2006, the peak flow at the North Fork 
below Staircase Rapids was 24,200 cfs, while after passing through the two reservoirs and 
diversions, the peak flow at the North Fork at Potlatch during that time period was only 7,740 
cfs, a reduction of 68 percent (Those two floods occurred in water years 1950 and 1956, 
respectively.).  For the 62 years of concurrent records, Reclamation found the mean peak flow 
was reduced by a factor of 3.26, the maximum peak was reduced by a factor of 3.13 and the 
standard deviation was reduced by a factor of 2.58.  Positive trends in annual maximum flows 
and peaks were observed for the period 1966-2006 on the North Fork Skokomish below 
Staircase Rapids. Positive trends in peaks were also observed on other rivers in the region, 
including the Dungeness, Duckabush, and Skykomish for the same period (Reclamation, 2007). 
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Table 6. Peak discharge frequency estimates for the North Fork Skokomish River below 
Staircase Rapids. (From Reclamation, 2007) 

Annual 
Exceedance 
Probability 

(%) 

Return Period 
(Years) 

LP-III Model 
Estimate 

(CFS) 

5% 
Confidence 
Limit (CFS) 

95% 
Confidence 
Limit (CFS) 

75 1.33 4,810 4,200 5,440 
66.7 1.5 5,460 4,800 6,160 
50 2 6,810 6,030 7,700 
20 5 10,500 9,250 12,100 
10 10 13,100 11,400 15,800 
4 25 16,600 14,100 21,800 
2 50 19,300 16,000 27,500 
1 100 22,200 17,800 34,100 

0.5 200 25,100 19,400 42,000 
 

4.3  South Fork 
 
The South Fork Skokomish River is unregulated, and now contributes the majority of the 
mainstem Skokomish flow. Basin area is approximately 76 square miles. During the 76 years of 
USGS gage data, the South Fork has a mean annual flow of 742 cfs and is reported to have 
flashy flows in response to high precipitation events. Compared to the North Fork, the South 
Fork contributes nearly the same annual discharge, with only 75 percent of the area. This is due 
to the higher amounts of rainfall in this basin compared to the North Fork.  The results of 
Reclamation’s flood frequency analysis are listed in Table 7.   Unlike the North Fork, there was 
no discernable trend in South Fork peak discharges.  Previously, Stover and Montgomery (2001) 
had found no net increase in South Fork peak discharges between the 1930’s and 1990’s.   
 
 
Table 7. Peak discharge frequency estimates for the South Fork Skokomish River near 
Union. (From Reclamation, 2007) 

Annual 
Exceedance 
Probability 

(%) 

Return Period 
(Years) 

LP-III Model 
Estimate 

(CFS) 

5% 
Confidence 
Limit (CFS) 

95% 
Confidence 
Limit (CFS) 

75 1.33 9,270 8,090 10,400 
66.7 1.5 10,300 9,090 11,500 
50 2 12,100 10,900 13,500 
20 5 16,200 14,700 17,700 
10 10 18,400 16,800 20,600 
4 25 20,800 18,500 24,100 
2 50 22,300 19,000 26,500 
1 100 23,700 19,100 28,900 

0.5 200 24,900 19,100 31,400 



 

17 
 

4.4  Vance Creek 
 
At only 29 square miles, Vance Creek is considerably smaller than either the North or South 
Fork’s.  Vance Creek has an estimated mean annual flow of 249 cfs. Vance Creek discharges an 
amount comparable to the South Fork Skokomish on a per unit area basis.  Reclamation used an 
inter-basin regression equation between Vance Creek and South Fork Skokomish River to derive 
the peak flood frequency estimates for Vance Creek listed in Table 8.   
 
Table 8. Peak discharge frequency estimates for the Vance Creek. (From Reclamation, 
2009c) 

Annual 
Exceedance 
Probability 

(%) 

Return Period 
(Years) 

LP-III Model 
Estimate 

(CFS) 

5% 
Confidence 
Limit (CFS) 

95% 
Confidence 
Limit (CFS) 

75 1.33 4,580 3,970 5,170 
66.7 1.5 5,120 4,490 5,740 
50 2 6,050 5,430 6,780 
20 5 8,190 7,410 8,970 
10 10 9,330 8,500 10,480 
4 25 10,580 9,380 12,300 
2 50 11,360 9,640 13,550 
1 100 12,090 9,700 14,800 

0.5 200 12,820 9,700 16,100 

 

4.5  Mainstem Skokomish River   
Flows in the mainstem are highly variable under both high and low flow conditions.  The mean 
annual discharge is 1226 cfs.  The maximum mean monthly discharge occurs in December and is 
2,450 cfs, while the minimum mean monthly discharge occurs in August and is 253 cfs.  Since 
the North Fork confluence shifted from RM 8.4 to RM 7.3 in 2004, the channel between the 
confluence points has gone dry in late-August and early-September.   
 
4.5.1  Flood Frequency.  At the USGS gaging site, Reclamation (2009a) estimates the channel 
capacity at bank full is 4,100 cfs, thus even during small floods most of the upstream flood 
discharge has left the main channel before reaching the gage site.  During large floods the 
maximum channel capacity at the gage is estimated to be in the range of 6,500-7,000 cfs.  
Floodwaters exit and re-enter the main channel along the north overbank in the vicinity of the 
North Fork confluence.  On the south side, floodwaters exit the channel starting near Vance 
Creek and continuing downstream to the gaging site at Hwy 101.  The south overbank 
floodwaters do not re-enter the main channel until RM 3.5 at the Purdy Creek confluence.  Most 
floodwater actually passes under the Purdy Creek bridge on Hwy 101.  Downstream of Hwy 101 
floodwaters exit to the north and most returns at Hwy 106 (RM 1.9).  Reclamation (2007a) 
mapped the floodwater distribution and flow paths for a range of floods. 
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The complex flood flow pattern limits the accuracy of Skokomish River flood discharge 
measurements at Hwy 101 because the discharge is divided into four separate flow paths.  For 
this reason the USGS no-longer publishes Skokomish River peak discharge values above the 
bankfull condition.  Reclamation incorporated these measurement uncertainties into their flood 
frequency analysis and cautioned that the results presented in Table 9 are considered 
approximate (Reclamation, 2007).  Like the North Fork below Staircase Rapids, a statistically 
significant, positive trend was found in the annual maximum flows on the Skokomish River for 
the period 1966-2006. 
 
Table 9. Annual peak discharge frequency curve for the Skokomish River near Potlatch. 
Results are approximate and include regulated flows from the North Fork. (From 
Reclamation (2007)) 

Annual 
Exceedance 
Probability 

(%) 

Return Period 
(Years) 

LP-III Model 
Estimate 

(CFS) 

5% 
Confidence 
Limit (CFS) 

95% 
Confidence 
Limit (CFS) 

75 1.33 13,500 11,900 15,000 
66.7 1.5 14,900 13,300 16,500 
50 2 17,500 15,800 19,300 
20 5 23,400 21,300 25,900 
10 10 26,900 24,400 30,400 
4 25 30,800 27,600 36,400 
2 50 33,500 29,400 40,900 
1 100 36,000 30,800 45,400 

0.5 200 38,300 31,900 50,000 
 
 

5. HYDRAULICS 
 
The Skokomish River valley has a long history of flooding and the problem has steadily grown 
worse.  In 1941, USACE reported that there had been 29 floods in 29 years between 1912 and 
1941.  Floods are now likely to occur multiple times each year.  This increase in flooding has 
been caused by the long-term accumulation of gravel in the river channels of the South Fork and 
main stem Skokomish Rivers. Riverbed aggradation is described in Section 6.3 of this report. 
 
Channel capacity at the USGS Highway 101 stream gage (RM 4.8) has been steadily declining 
due to the ongoing aggradation that has totaled approximately 6 ft since the station was 
established in 1965.  Canning et al. (1988) estimated channel capacity at Highway 101 to have 
been 11,100 cfs in 1969, shortly after the recent aggradation episode began in this reach of the 
river, and to have declined to 8,500 cfs in 1988.   In 2007, the channel capacity at the Highway 
101stream gage was estimated to be only 4,100 cfs (Reclamation, 2007).   
 
Flood problems along the Skokomish River are aggravated by the valley topography that causes 
floodwater to leave the river and spread across the valley.  The predominate valley, and river, 
slope is a downward trend from west to east.  However, there is also a slight downward trend 
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across the floodplain from the north to the south.  The general north/south dip is reinforced by 
the presence of natural levees along the south (right) bank of the Skokomish River.  (Natural 
levees are high ground built-up along riverbanks by the repeated deposition of suspended 
sediments during floods.)  Floodwaters that overflow to the south between RM’s 5 and 9 flow 
south and east across the valley towards Purdy Creek and rejoin the river near RM 3.5, where the 
main river channel crosses to the south side of the valley.    
 
There is not a continuous, competent, well planned levee system along the Skokomish River.  
The existing levees, dikes and revetment were built by valley residents to combat local flood 
problems.  The levees were built using available materials, and were constructed without 
engineering design.  Most of the levees along the river were originally constructed in the 1950’s 
and 1960’s, and were raised or connected during the 1980’s and 1990’s (HDR, 2000).  The 
longest levee is located on the right bank and extends from Swift Creek (RM 9) downstream to 
about one-half mile downstream of the North Fork confluence (RM 7) (HDR, 2000).  None of 
the levees are considered competent enough to provide reliable flood risk reduction, although 
they do provide some localized relief from the frequent small floods that occur several times a 
year. 
 

5.1  Hydraulic Modeling 
 
When this study was originally scoped, it was planned to use USACE’s HEC-RAS, a one-
dimensional hydraulic model, to model flooding and bedload transport.  However, given the 
distinct separation of channel and floodplain flows in the Skokomish Valley, it was recognized 
that two-dimensional (2-D) hydraulic modeling would provide a much better representation of 
flood hydraulics.  In 2009, Reclamation utilized SRH-2D, a 2-D hydraulic model, to model flows 
in the Skokomish River Valley. The SRH-2D software utilizes a dynamic wave solver to route 
flow through independent mesh cells and can, therefore, handle multiple water surface elevations 
and flow paths (Reclamation, 2008).   Model outputs include; the extent and depth of flood 
inundation, current velocities and directions, and flow distributions.  A detailed description of 
this study is presented in Reclamation’s report, “Numerical Modeling Results for the Skokomish 
River, Mason County, Washington. Report No. SRH-2009-24” (Reclamation, 2009a).   
 
Subsequent to the 2009 Reclamation effort, NWS succeed in having SRH-2D added to the 
“Allowed for Use” category of USACE’s inventory of Science and Engineering Technology 
(SET) Initiative Software and asked Reclamation of perform flood modeling for this study.  
Reclamation’s report on this modeling effort is presented in Appendix A.  Maps in Appendix A 
show the water surface elevation contours and water depths for the 50-, 20-, 10-, 2-, 1-, and 0.2-
percent chance exceedance floods.   
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6. FLUVIAL GEOMORPHOLOGY 
 
The Skokomish River channels have undergone notable geomorphic changes since the 1850’s.  
Some of those changes, but unfortunately not all, can be documented from available sources.  
Richert’s (1964) historic account of early pioneers provides a sketch of river conditions around 
the turn of the 20th century.  More recent and technical descriptions of the channels are provided 
by Stover and Montgomery (2001), GeoEngineers (2006) and Reclamation (2009a).  Those 
sources allow for the limited evaluation of woody debris, channel migration, and riverbed 
aggradation.  However, changes in bedload transport and sediment yields can not be defined 
from the available data. 
 

6.1  Woody Debris  
 
Richert (1964) gives antidotal information about river conditions between the 1880’s and 1910.   
She depicts the river channels as being full of wood debris.  Loggers worked to clear the debris 
jams, so they could transport logs downriver during high discharges.  One notable jam, located 
downstream of the South Fork/Vance Creek confluence (RM 10), was described as being “three 
mile thick, having been forming for 50 years”.  That debris jam was cleared in 1891/92 and 
Richert referred to continuing jam removal in 1903.    
 
Stover and Montgomery (2001) reviewed USGS Discharge Sheets for the South Fork gaging 
station (RM 12) from the 1930’s through 1984.  They note large amounts of logs and debris in 
the river in 1939 and debris removal in 1940.  Near channel logging and in channel logging 
disturbances in the South Fork were observed as late as 1956.  They note channel incision around 
the South Fork gage following LWD removal.  Stover and Montgomery also reviewed USGS 
records for the mainstem Skokomish River gaging station from 1932 to 1997.  However, they do 
not mention wood debris as an influencing factor at the mainstem Skokomish River gaging 
station (RM 5.5).   
 
The vast amount of natural LWD probably produced very high hydraulic roughness and 
structural stability in the river channels.  As LWD was removed, it is likely that channel 
velocities increased and sediment stored around log jams was released to the river.  Those 
changes would have altered the bedload transport and deposition patterns. 
 
Today, large woody debris can be found scattered throughout the lower South Fork and 
mainstem channels.  There are some small jams, but no large, channel-spanning debris jams exist 
today.   
    

6.2  Channel Migration  
 
Skokomish River channel migration has been confined to a narrow band along its present course 
for 400-2,000 years (Reclamation, 2009a).  Using historic maps and aerial photography, 
Reclamation mapped the river channels for several time periods beginning in 1861.   Figure 5 
shows Reclamation’s mapping of those historic channels.   
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The active channel migration presented bank erosion problems for farmers in the 1800’s 
(Richert, 1964).  Early attempts to control river migration included; clearing debris jams, channel 
realignments, and bank protection.  Rock filled log cribs were used to close side channels (such 
as one at the North Fork confluence), and rock and brush riprap with willows, were used for 
bank protection in the 1930’s (Washington (?) Department of Conservation and Development, 
1935).   In the 1930s and 1940s, the Civilian Conservation Corps (CCC) straightened the channel 
between RM 4-6 (Canning et al., 1988).   Scattered locations are currently protected by bank 
armor, such as the County road at the “Dips”  (RM 9, just downstream of the mouth of Vance 
Creek) and portions of the right bank levee between Swift Creek and the North Fork (HDR, 
2001).  The efforts to control bank erosion have altered the course of the rivers, but have not 
stopped the channel migration.  GeoEngineers (2006) found some river bends to be migrating 
downstream at rates of up to: 7 feet per year on Vance Creek, 12 feet per year on the South Fork 
and between 10 and 26 feet per year on the mainstem. Lateral migration rates averaged 7 feet per 
year on Vance Creek and 9 feet per year on the South Fork.  On the mainstem, lateral migration 
rates varied from 0 feet per year in the vicinity of Highway 101 (RM 4-6), up to 9 feet per year 
between the old and new North Fork confluences (RM 8-9).  The North Fork was found to be 
generally stable with downstream and lateral migration rates around 1 foot per year due to flow 
regulation and diversion. In 2003, the confluence of the North Fork with the South Fork shifted 
downstream by about 1 mile after the old mouth was blocked by sediment. 
 
 

Figure 5.  Skokomish River Historic Channels (from Reclamation 2009a) 
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6.3  Riverbed Aggradation  
 
Riverbed aggradation, and the resulting loss of discharge capacity, is a critical geomorphic 
parameter that can be only incompletely evaluated.  Richert (1964) does not provide any 
information about the river channel dimensions or possible aggradation, but does refer to 
flooding prior to 1900.  The nearly annual occurrence of flooding after 1912 (UASCE, 1941) 
suggests an undersized channel existed at that time.  A comparison to flood discharges pre- and 
post-1912 could provide clues to changes in the river channels, but the pre-1912 records are 
inadequate such a comparison.    
 
There are no channel measurements available for the South Fork and mainstem Skokomish rivers 
until the 1930’s.  USGS stream gaging activities provide frequent bed surveys at the South Fork 
(RM 12) and mainstem (RM 5.3 and 4.8) gaging sites beginning in 1932.  Channel cross-section 
surveys are available for the mainstem and lower South Fork (RM 0-11) for 1994 (KCM, 1996) 
and 2007 (Tetra-Tech, 2007). 
 
6.3.1  USGS Gaging Sites Stage/Discharge Analysis.  Stover and Montgomery (2001) 
examined the USGS stage/discharge records to determine riverbed changes at both the South 
Fork and mainstem Skokomish River USGS stations.  They found the base elevation of the South 
Fork bed to have been fairly stable between 1932 and 1940, then fell by over 3 ft between 1940 
and 1964, and then to have become relatively stable again from 1964 to 1984.  Throughout this 
period, the bed elevations oscillated by 1-2 ft.   
 
Figure 6 shows some of the stage and discharge measurements taken by the USGS at the South 
Fork gage from 1959 to 2009.  This record can be used to evaluate bed elevation changes by 
equating changes in stage for a given discharge to a change in average bed elevation.  The 
highest recorded stages are those from 1959, during the period of declining bed elevations 
indentified by Stover and Montgomery.  Between 1959 and 1969, the bed appears to have 
degraded by approximately 0.5 feet, and stayed at or near this elevation until 1996.  Between 
1996 and 2000, the channel bed degraded by approximately 0.8 feet, and then stayed at that level 
until after 2007. Provisional USGS data for 2009 suggest that at the South Fork gaging site the 
channel bed has risen to the elevation range observed between 1969 and 1996, but elevations 
have not returned to the higher 1959 levels.  The annual and shorter time period oscillations in 
bed elevation, suggest active bedload transport is occurring through this reach.  The data do not 
show any clear long term trend of degradation or aggradation since 1964, indicating a relatively 
consistent bedload supply, in balance with the transport capacity. 
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Figure 6.  Stage/discharge measurements at the USGS South Fork Skokomish gage.  Stage 
changes for a given discharge indicate channel scour or deposition.  Data for 2009 is 
provisional. 
 
 
At the mainstem Skokomish River gage, Stover and Montgomery (2001) describe a much 
different pattern in bed elevation changes.  The riverbed incised nearly 2 ft between 1932 and 
1934, a period that corresponds to gravel mining near the gage.  Between 1938 and 1944, the 
riverbed rose about 1 ft and then changed little until 1964, even though there were short term bed 
oscillations of over 3 ft between 1944 and 1964.  In 1965, the bed began a prolonged, steady rise 
in elevation.  Stover and Montgomery identified a rise of over 4 ft between 1965 and 1997.   
 
Figure 7 shows the stage/discharge relationships measured by the USGS at the mainstem 
Skokomish River gage from 1984 to 2009.  That graph indicates the aggrading trend has 
continued through 2009, with an additional 1.5 ft increase in stage between 1994 and 2007.  This 
equates to total aggradation of about 5.5 ft between 1965 and 2007, or 0.14 ft per year.  Data 
plotted for 2009 is provisional, and has not been certified by USGS, but show another near half-
foot of aggradation since 2007 at this location.  
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Figure 7.  Stage/discharge measurements at the USGS Skokomish River gage.  Stage 
changes for a given discharge indicate channel scour or deposition.  Data for 2009 is 
provisional. 

 
 
 
6.3.2  Channel Cross-section Surveys.  A spatially broader (RM 0-11), but more general 
evaluation of riverbed elevation changes can be made by comparing the channel cross-section 
surveys taken in 1994 and 2007.  Not all cross-sections could be compared because of limited 
detail in some of the 1994 cross-sections and the degree of shifting in the channel alignment 
between surveys.  Figure 8 shows the bed elevation changes for cross-sections that could be 
reliably compared.  The average overall bed elevation increase is approximately 1 ft.  Cross-
section elevation increases around the Hwy 101 gage ranged from 0-1.5 ft, compared to the 1.5 ft 
rise calculated from the Hwy 101 gage records.   
 
Figure 8 shows aggradation to be occurring throughout the river from Highway 106 to the upper 
study limit on the South Fork.  The bed elevation changes in Figure 8 were combined with 
typical channel widths to estimate that the 1994-2007 deposition volume is between 400,000 and 
550,000 cubic yards.  That equates to an average annual deposition rate in the range of 30,000 to 
40,000 cubic yards per year.  Approximately half of that total has been accumulated in the river 
reach starting about a half-mile downstream of the old North Fork confluence (RM 7.5) and 
extending a short distance upstream of Vance Creek (RM 9.5).  The remainder of the sediment is 
spread somewhat uniformly through the rest of the study reach.   
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Figure 8. Cross-section bed elevation changes between 1994 and 2007. 
 
Recent bedload deposition has occurred throughout the lower 9 miles of the South Fork and 
mainstem Skokomish Rivers.  It is unclear if this has historically been the case.  The South Fork 
gage site bed elevations fell 3 ft between 1940 and 1964, but have been relatively stable since 
then.  The mainstem gage riverbed elevation was stable prior to 1965 and has been rising steadily 
since 1965.  The apparent stability prior to 1965 may be due to the earlier gravel mining near the 
gage, but this can not be confirmed.  The side channel cutoffs would also have altered the 
sediment deposition patterns.  No historic channel cross-sections are available to compare to the 
1994 and 2007 cross-sections.  

6.4  Sediment Sources 
 
The sediment supply to the aggrading reach of the Skokomish River likely originates from 
several sources, including mass wasting and bank erosion in the upper watersheds, and bank and 
terrace erosion along the lower reaches of the South Fork and Vance Creek. The most thorough 
evaluation of sediment supply in the Skokomish River Basin was made by Simpson Timber 
Company and Washington Department of Natural Resources (ST/WDNR) (1997).   
 
ST/WDNR identified mass wasting sites in the South Fork watershed.  They considered the pre-
1946 time period to represent pre-logging conditions when there was minimal upper watershed 
human disturbance.  The post-1946 time period included any impacts due to logging activities.  
They identified 307 pre-1946 mass wasting sites and calculated that they delivered 
approximately 460 thousand cubic yards (kcy) of sediment to stream channels.  Post-1946 they 
identified 330 mass wasting sites that yielded 300 kcy to the stream channels.  ST/WDNR 
concluded that pre- and post-logging mass wasting rates were similar, with the limitation that the 
time period for the pre-logging mass wasting was uncertain.  The 300 kcy of post-logging mass 
wasting was split between the South Fork (160 kcy) and Vance Creek (140 kcy).  The post-

-1.5 
-1 

-0.5 
0 

0.5 
1 

1.5 
2 

2.5 
3 

0 2 4 6 8 10 

Be
d 

Ch
an

ge
 in

 F
ee

t 

Distance from Mouth in Miles 

SKOKOMISH RIVER 
1994-2007 Bed Elevation Changes 

O
ld

 N
or

th
 F

or
k 

N
or

th
 F

or
k 

H
ig

hw
ay

 1
01

 

H
ig

hw
ay

 1
06

 

Va
nc

e 
Cr

ee
k 



 

26 
 

logging mass wasting has generally increased the sediment supply to he upper watershed 
channels.  Approximately 50 kcy of the post-logging (post-1946) South Fork mass wasting 
occurred in the upper watershed (upstream of RM 25 measured from the mouth of the 
Skokomish River), where the residence time (the time sediment would remain in the reach before 
being transported downstream) was estimated to be over 90 years (ST/WDNR, 1997).  
 
ST/WDNR (1997) also assessed the volume of sediment in the South Fork and Vance Creek 
channels.  The South Fork contains 2 million cubic yards (mcy) of active channel sediment 
upstream of RM 11 and an additional 750 kcy between RM’s 8 and 11.  In Vance Creek, the 
active channel sediment volume was 480 kcy.  The post-logging mass wasting would account for 
less than 10 percent of the South Fork active channel sediment and less than 30 percent of Vance 
Creek’s.   In addition to the 750 kcy of active channel sediment in the South Fork downstream of 
RM 11, SR/WDNR (1997) identified 800 kcy of active terrace sediment between RM’s 8-11.    
 

6.5  Sediment Yields 
 
ST/WDNR (1997) reported estimated bedload transport rate ranges of 14-26 kcy/year for the 
South Fork and 7-12 kcy/year for Vance Creek.  Those estimates compare very favorably to the 
30-40 kcy/year of average annual deposition in the Main Stem and lower South Fork channels 
estimated from the 1994/2007 cross-section surveys by this study.   
 
ST/WDNR (1997) estimated sediment residence times in the upper South Fork (approximately 
upstream of RM 25) at 92 to 160 years and in the middle South Fork (RM’s 14-25) at 23-40 
years.  With high residence times above the Skokomish Valley, sediment from the upper South 
Fork channel may not reach the lower South Fork for another 20 to 160 years.  Between RM 11 
and the confluence with Vance Creek, the residence time was estimated at 42 to 70 years 
(ST/WDNR, 1997).  Therefore, sediment yields from the upper South Fork to the mainstem 
Skokomish River can be expected to continue for 60 to 230 years. 
 
While the sediment is rapidly transported through the Vance Creek gorge section, residence 
times immediately below the gorge have been estimated at 42 to 71 years. Sediment residence 
times below the W. Skokomish Valley Rd Bridge were determined to likely be much longer, 
leading ST/WDNR to conclude that only limited amounts of timber harvest related sediment 
from Vance Creek have been delivered to the mainstem Skokomish River (ST/WDNR, 1997).   
 
Sediment characteristics on the North Fork are unique, and are impacted by the operation of 
Cushman Hydropower Projects. Lake Cushman acted as a sediment trap long before TPU 
dammed and enlarged the lake. Historically, flows below Lake Cushman would have transported 
sediment in a similar manner to the South Fork. Currently, only limited flows are allowed to 
continue down the North Fork, and therefore have a reduced ability to transport sediment to the 
mainstem channel.  
 
Given the abundant sediment supply and long resident times of the South Fork and Vance Creek, 
bedload yields can be expected to continue at the current average of 30-40 kcy/yr for many 
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decades.  The ultimate timing and rate of delivery will depend on the frequency of large storms 
capable of generating high bedload transport. 

6.7  Sediment Modeling 
 
Bedload transport modeling was completed using HEC-RAS 4.1, which incorporates bedload 
transport equations into a quasi-unsteady 1D flow model of the Skokomish River. The bedload 
transport function used in this model was the Meyer-Peter Muller (MPM) equation (1948).  The 
MPM bedload equation is widely used in river engineering investigations and is well suited for 
gravel bedded rivers.  The following is a summary of the modeling results.  Detailed descriptions 
of the modeling methods and results are given in Appendix B. 
 
The HEC-RAS hydraulic model was calibrated to the stage/discharge measurements at the USGS 
mainstem gage (RM 4.8).  The hydraulic model matches the gage stage/discharge curve very 
well up to 5,200 cfs, but does not produce discharges above 5,200 cfs at the gage.  The channel 
discharges at points along the river were also compared to the results of Reclamation’s 2-D 
model (2009a).  The two models produced very similar channel discharge patterns.   
 
The computed bedload transport rates are highly correlated with the channel discharge during 
floods; the bedload transport capacity falls as the river channel loses water to the floodplain and 
increased when water entered the channel.  The modeling results presented in Figure 9, shows 
the wide variations in channel discharge and bedload transport along the river and between high 
and low discharges.  The modeling results indicate that large amounts of bedload are transported 
into the lower South Fork during high discharge storm events and that most of that material is 
deposited upstream of the North Fork confluence.   During floods, disposition is predicted 
throughout the lower South Fork and Skokomish rivers, except for short reaches downstream of 
the Vance Creek and North Fork confluences.   
 
The model results indicate small volumes of bedload may be re-distributed in the lower South 
Fork and mainstem during the extended periods of discharges in the 3,000-4,500 cfs range.  
Those discharges are at or slightly over bankfull discharges and can occur before and after flood 
peaks or just following a rain storm.  The modeling results indicate very little bedload is ever 
transported downstream of the Purdy Creek confluence area.   
 
The bedload model can be used to evaluate potential responses to changes in channel geometry, 
such as islands, dredging, or levee set-backs.  The model can also be used to evaluate changes in 
flow regime, such as the new Cushman flows.  Without historic channel geometry, the model can 
not be used to back-calculate past riverbed aggradation.  
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Figure 9. Skokomish River bedload modeling results showing the water and bedload 
discharges for high and low river discharge conditions.   
 

7. UNCERTAINTIES AND DATA GAPS 
 
There are limitations in the hydrology, sediment, and topographic data used in this study.  Each 
of those data limitations affects the reliability of the study results.  
 
The accuracy of hydraulic modeling depends on the accuracy of channel cross section and 
floodplain topography data. Reclamation’s 2-D floodplain model and USACE’s bedload 
transport model utilize the most recent channel survey (summer 2007), however that survey does 
not extend yet downstream of RM 2 to the mouth of the Skokomish River.  Both models used the 
1994, 2-ft contour maps  (Walker, 1994) for overbank topography and could benefit from more 
detailed surveys of the riverbanks and floodplain flow paths, including Purdy, Weaver, and 
Skabob creeks.   The floodplain modeling could also be improved with additional high water 
mark data and measurements of the flow distribution in the river channel and floodplain flow 
paths. 
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HEC-RAS uses cross-section average hydraulic and sediment size parameters to calculate 
bedload.  This study utilized the Meyer-Peter Muller bedload transport function, a generalized, 
empirical equation that calculates bedload movement in a river.  The Meyer-Peter Muller 
function produced a good match to observed bedload transport rates at Hwy 101, but was not 
able to transport the large 16-64 mm particles collected in the bedload measurements.  The 
primary data limitations in this study were the lack of defined inflowing sediment load curves for 
the South Fork and Vance Creek, the flow distribution in the river channel and floodplain during 
floods, and channel survey data downstream of RM 2.   Those data limitations contribute to the 
uncertainty of the bedload deposition patterns predicted by the modeling. 
 
There is uncertainty in the peak discharges for the South Fork and mainstem Skokomish River 
gages.  The South Fork has not been accessible during floods to adequately measure high 
discharges.  On the mainstem Skokomish River, flood discharges are split into four separate 
channels and cannot be reliably measured.  The uncertainty of the recorded peak discharges 
increases the uncertainty of the flood frequency analysis. 
 
When describing the history of the Skokomish River fluvial geomorphology, the channel 
alignment can be mapped back to the 1800’s, but the channel cross-section geometry, flood 
peaks and frequency, and bedload processes can not be defined that far back.  Changes in 
riverbed elevations can only be evaluated back to the 1930’s, and then only at two USGS gage 
sites.  A broader riverbed elevation comparison can be made for 1994-2007, but that does not 
allow for an evaluation of historic patterns.  It is therefore impossible to clearly define how the 
bedload transport and deposition patterns have changed over time.   
 

8. SUMMARY 
 
Riverbed aggradation caused by bedload deposition has aggravated flooding in the Skokomish 
Valley.  The total duration of active riverbed aggradation is unknown, but it has been 
documented that mainstem aggradation has been underway since at least 1965. It is likely that 
aggradation was underway prior to 1912 as the frequent flooding experienced at that time 
suggests an undersized channel already existed.  The headwaters of the Skokomish basin contain 
large volumes of glacially derived unconsolidated sediment.  During storms, gravel and cobbles 
eroded from landslide deposits and active river channels in the upper watershed are slowly 
transported to the Skokomish Valley channels as bedload.  It may take over 90 years for bedload 
to move from the headwaters of the South Fork and Vance Creek to the Skokomish Valley.  In 
the valley, the South Fork and mainstem Skokomish rivers do not have enough stream energy to 
transport the incoming bedload to Hood Canal; thus bedload sediment has accumulated in the 
channels of the South Fork and mainstem Skokomish rivers causing the riverbeds to aggrade.  
Channel surveys and bedload modeling both indicate that most bedload deposition occurs in the 
channel upstream of the current North Fork confluence (RM 7.3).   Modeling indicates bedload 
transport is highly correlated to the channel discharge, thus deposition occurs where floodwater 
flows to the overbanks.  The South Fork and mainstem channels have occupied a narrow band 
along their current alignments for at least 400 years. 
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The Skokomish River Valley has experienced frequent flooding since at least the early 1900’s.  
The flooding is fueled by abundant precipitation in the headwaters of the South Fork and Vance 
Creek that averages over 150 inches per year.  Riverbed aggradation has worsened flooding in 
the valley.  The channel capacity around RM 5 is estimated to have declined from 13,000 cfs in 
1941, to 11,000 cfs in 1969, to only 4,000 cfs today.  Flood frequency has increased from around 
one flood per year in the early 1900’s to approximately 3-5 floods per year today.  Flooding 
impacts much of the valley floor, as upstream of Hwy 101 (RM 4.8) floodwaters leave the main 
channel, and flow south and east across the valley toward Purdy Creek.   Downstream of Hwy 
101, floods spread across the extensive wetlands on both sides of the river.  Because of the broad 
floodplain, overbank depths tend to be shallow; in many areas flooding is less than 2 ft deep 
during most floods.   
 
Human activities have altered hydrologic and sediment processes in a variety of ways.  Around 
the turn of the twentieth century, loggers cleared log jams, removed riparian trees, and 
transported logs in the Skokomish Valley river channels.  Those types of actions tend to simplify 
the channel structure and de-stabilize the river channels.  The upper watersheds of the South 
Fork and Vance Creek were heavily logged between 1935 and 1995, adding to the upper basin 
sediment supply.  Stream stabilization measures, such as bank protection and side-channel 
closers, have been constructed on Vance Creek, and the South Fork and mainstem Skokomish 
rivers to protect farmlands from erosion.  Limited levees and channel straightening have been 
implemented to provide localized flood damage reduction.   Since 1926, the TPU Cushman 
Project has reduced discharges in the North Fork over the entire annual hydrograph: from base 
flows to flood peaks.  The flood peak reductions from the Cushman Project have also lowered 
flood peaks, and probably the frequency of floods, in the mainstem Skokomish River.  The 
reduced flood peaks likely reduced bedload transport in the mainstem, but the magnitude of the 
reduction is undefined.   The Hwy 101 and 106 causeways disrupt floodplain flows, but their 
impacts on flood elevations are now minimal due to the discharge capacity of the new bridges.   
 
The geomorphic changes caused by human activities have altered the stream habitats.  The removal of 
LWD, disturbance of the streambanks, bank protection, side-channel closures, and flow regulation by the 
Cushman Project have all contributed to altering the bedload transport and deposition in the South Fork, 
Vance Creek and the main stem Skokomish River. The removal of LWD has simplified the stream 
habitat, reducing the occurrence of deep pools that provide sheltered areas for spawning adults and 
juvenile salmon.  Logging activities that disturbed the streambanks and the protection of agricultural 
lands from erosion lead to construction of bank protection measures.  Those measures slowed the 
migration of the channel and reduced streamside vegetation.  Side channel closures eliminated fish access 
to slack-water, an important rearing habitat.   
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1.0 Introduction 
 
The Skokomish River is located at the southeastern portion of the Olympic peninsula in 
Washington State near the southern extent of the Hood Canal. The river flows east from 
its headwaters in the Olympic Mountains and descends through narrow gorges to the 
Skokomish valley. The Skokomish Tribe requested technical assistance from the 
Sedimentation and River Hydraulics Group at the Bureau of Reclamation to complete a 
two-dimensional (2D) hydraulic model for the mainstem Skokomish River. The objective 
of the model is to evaluate channel capacity and overbank flooding locations for the 
mainstem Skokomish River. The results are to be used in conjunction with one-
dimensional hydraulic and sediment transport modeling being accomplished on the same 
reach of river by the U.S. Army Corps of Engineers (USACE).  
 
To meet this request, an initial 2D model study was funded by Reclamation in 2009 for 
the lower 10 miles of the Skokomish River and floodplain (Klumpp, 2009). This 
modeling effort did not incorporate flow input from two major tributaries, Vance Creek 
or the North Fork Skokomish River due to a lack of topographic and flow data available. 
The 2009 model also did not incorporate the recently completed Highway 101 Bridge 
widening on Purdy Creek. In October 2009, USACE funded Reclamation to refine the 
model to incorporate new topography collected by Reclamation on Vance Creek, the 
Purdy Creek Bridge widening, along with adding flow inputs at Vance Creek and the 
North Fork. The new model boundary extends 4 miles up Vance Creek (Figure 1). The 
model results presented in this report will be used to support an economic analysis of 
flood impacts in the lower 10 miles of the Skokomish valley. The accuracy of model 
results is limited because the topography used in the Skokomish valley was primarily 
taken from a 1998 photogrammetric survey while the bathymetric information was taken 
from 2007 cross section data. The purpose of this study is to provide a coarse-scale 
inundation mapping and to determine critical locations where the Skokomish River starts 
to flow out of bank as river discharges increase.  
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Figure 5. Location map showing the Vance Creek and Skokomish River model boundary. 
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2.0 Model Input Data 
 
This section describes discharge, topography, and tide data used for the model. All data 
are provided in English units with a datum of Washington State Plane South, NAD 1983 
and NAVD 1988 feet. 

2.1 Discharge  
 
Steady state flow was assumed in all simulations, such that only one discharge value is 
needed for each flow input location for each model run. Flow input locations were the 
South Fork Skokomish River, Vance Creek, and North Fork Skokomish River. This 
approach assumes that all flow originates from one of these sources. Additionally, this 
modeling effort does not include effects of groundwater losses or gains, which in some 
cases may substantially alter flood magnitudes and timing since a large portion of the 
Skokomish River goes overbank into the valley floor. 
 
There are 4 active, relatively long-term USGS gaging stations in the Skokomish Valley 
(Figure 2). Peak discharge frequency analysis of the 2- through 200-year floods was 
accomplished for these 4 gages based on gage data through 2006 (England, 2007; Figure 
3 and Figure 4). Additionally, the 500-year flood values of 26,400 cfs for South Fork and 
41,000 cfs for Skokomish River at Potlatch were generated (Appendix A, England, 
2007). This analysis was used to generate input flow values for the South Fork. The 
North Fork values were set at a constant 200 cfs as specified by USACE due to regulation 
from upstream dams.    
 
Vance Creek does not have a stream gage and has only a few historical measurements. 
Flood frequency estimates were generated for Vance Creek by Reclamation for a 
concurrent study, but were largely based on the South Fork and Potlatch gage data 
(Kimbrel, 2009).  Therefore, for this 2D model effort, the Vance Creek flood values were 
derived by subtracting each South Fork flood value from the equivalent Potlatch flood 
value. This assumes that the peaks for each modeled flood occur at the same time on 
Vance Creek as the South Fork, and does not account for any variation in timing.  
 
The flood estimates are based upon data up to and including 2006, and large floods 
occurred in December 2007 and November 2009; however, peak values are not currently 
available for these floods on the USGS web site. Real-time stage values were 18.1 ft for 
the 2007 flood (new record high) and 17.1 ft for the 2009 flood at the USGS gaging 
station at Potlatch on the mainstem Skokomish River (at Highway 101 bridge crossing).    
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Figure 6. Location of USGS gaging stations in Skokomish River Basin, WA reproduced from 
Kimbrel (2009). 
 

 
Figure 7. Peak discharge frequency estimates for the South Fork Skokomish River near Union 
(reproduced from England, 2007). 
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Figure 8. Peak discharge frequency estimates for the Skokomish River near Potlatch (reproduced 
from England, 2007). 

2.2 Topography 
 
Four different data sources were used to develop a topographic surface for 2D mesh 
development: 
 

• 1994 Photogrammetry 2-ft Contour Map 
Source: Bell Walker & Associates 
Description: A Photogrammetry model was built with a stereoscopic 
drafting station using GPS registered aerial photography. Extends 
upstream to approximately RM 1 on Vance Creek and 11 on Skokomish 
River. 

• 2002 Bare-earth LiDAR  
Source: Puget Sound LiDAR Consortium 
Description: Bare-earth LiDAR containing the X, Y, Z values of all the 
LiDAR returns classified as ground.  

• 2007 In-channel ground survey of Skokomish River 
Source: USACE, October 2007 
Description: Top of bank to top of bank cross section surveys from RM 10 
to 2. 

• 2009 In-channel ground survey of Vance Creek 
  Source: Bureau of Reclamation, July 2009 

Description: In-channel cross-section data for RM 0 to 4 of Vance Creek. 
Generally does not include top of bank. 
 

To develop the topographic surface, the 1994 Photogrammtery contour data was used as 
the baseline data set. The 1994 Photogrammtery data set was specified by USACE 
instead of the 2002 LiDAR data because of concerns that the LiDAR did not have a 
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thorough post-processing effort to remove vegetation. The 2009 model report reported 
that the model mesh built from the LiDAR dataset typically had a water surface elevation 
about 1 foot higher than the model mesh built from the Photogrammetry dataset. In 
addition, the bank elevations in the LiDAR data are higher because the vegetation was 
removed and the higher bank elevations increase the computed conveyance in the main 
channel. The Photogrammetry is considered to have a more accurate representation of the 
channel bank elevations, relative to 1994 conditions. 
 
Where photogrammetry data was not available within the mesh boundary, such as above 
RM 1on Vance Creek, the bare-earth 2002 LiDAR data was used. The following 
refinements were then made before generating a continuous above and below water 
surface in a geographical information system (GIS): 
   

• The below water portions of the Skokomish River and Vance Creek were 
delineated and photogrammetry and LiDAR data within these bounds were 
deleted. 

• For the mainstem Skokomish River, the photogrammetry contours were replaced 
with a set of channel elevation points based on the 2007 cross-section data and 
interpolated points between cross sections (Klumpp and Bountry, 2009).   

• For Vance Creek, the photogrammetry contours and LiDAR data were replaced 
with a set of channel elevation points based on the 2009 cross-section data and 
interpolated points between cross sections.    

• Between RM 2 and 0, where no channel survey data was available, topographic 
elevations were estimated by creating a sloped channel that smoothly transition 
from 6 ft at RM 2 to 0 ft at RM 0. 

• At the Purdy Creek bridge embankment, a design drawing provided by USACE 
(generated by WDOT) was used to estimate the stream geometry after the bridge 
was completed in late 2009. No as-built data was available, and, therefore, 
photogrammetry was utilized for the side channel which does not include the 
channel elevations below water. 

In summary, the limitations of the topographic data sets are: 
 

• No survey data was available for the below water portions of the Skokomish 
channel downstream of RM 2.  

• No survey data was available for the North Fork that represents recent channel 
changes or wetted areas. 

• Hydraulic controls (riffles) on the mainstem channels that influence water surface 
elevation may have been missed if they were not captured by the cross-section 
surveys.  
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• In many densely vegetated areas LiDAR data did not have vegetation removed in 
the bare earth model.  

• Photogrammetry data is over a decade old. 
• Channel survey data was not available for wetted areas of the floodplain, 

including Purdy Creek, Weaver Creek, and Skabob Creek. Some 1D cross-
sections are available but are over a decade old and the original survey data could 
not be located to geo-reference the information. 

 

2.3 Tide Data 
 
The Seattle District of USACE provided tide data retrieved from the nearest NOAA web 
site which is located at Union in the Hood Canal, Washington (Station ID: 9445478) 
(http://www.tidesandcurrents.noaa.gov). USACE specified that a typical high tide of 12 ft 
(MLLW) should be utilized for scope of work. The value of 12 ft was converted to a 
value of 9.2 ft to be in the same NAVD 88 vertical datum as the topographic data 
(subtraction of 2.84 ft based on the Union benchmark sheet; verbal communication from 
NOAA, January 2010). A typical daily hydrograph of the tide from the latter part of 
January 2010 is shown in Figure 5 (written communication from USACE, December, 
2009). 
 

 
Figure 9. Typical 24-hour tide fluctuation based on data from Union in January 2010. 

2.4 Manning’s Roughness  
 
Roughness values for the floodplain were based on values presented in the 2009 
modeling study (Klumpp and Bountry, 2009). Manning’s roughness values for 
Skokomish River and Vance Creek were computed based on a relationship between the 
measured D50 of the bed-material and the average hydraulic radius of the main channel 
computed from a 1D HEC-RAS model (Lopez and Barragán, 2008; Morvan et al, 2008). 
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The bed-material data consisted of 14 samples on the Skokomish River (RM 0.3 to 11) 
collected in 2006 and 9 samples on Vance Creek (RM 0.04 to 3.55) collected in 2009. 
The measured D50 varied from 9 to 84 mm on the Skokomish River and from 17 to 82 
mm on Vance Creek. For both rivers, the bed material sediment sizes decreased in the 
downstream direction, which results in a decrease in Manning’s n value in the 
downstream direction (Figure 6 and Figure 7).  Roughness values on the Skokomish 
River were slightly modified from values used in the prior 2009 modeling effort. 
 

 
Figure 10. Correlation of roughness (n) value by river mile based on variation in the measured D50 of 
bed sediment along the Skokomish River. 
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Figure 11. Correlation of roughness (n) value by river mile based on variation in the measured D50 of 
bed sediment along Vance Creek. 
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3.0 Model Description and Setup 
 
A two dimensional (2D) numerical model, SRH-2D v2, was used for analysis of the 
Skokomish River (Lai, 2006; 
http://www.usbr.gov/pmts/sediment/model/srh2d/index.html). SRH-2D solves the 2D 
depth-averaged form of the dynamic wave equations. The dynamic wave equations are 
the standard St. Venant depth-averaged shallow water equations. The model utilizes an 
implicit scheme to achieve solution robustness and efficiency. Steady flow was utilized 
for the model described in this report. All flow regimes, i.e., subcritical, transcritical, and 
supercritical flows, were simulated simultaneously. The following sections document the 
model domain, generation of the model mesh, roughness delineation, model parameters, 
and boundary conditions.  

3.1 Model Domain 
 
Because of new topographic data available from the July 2009 surveys, the model was 
extended farther upstream on Vance Creek to about RM 4. The model was also extended 
a short distance up South Fork to include the upstream extent of available 2007 channel 
survey data provided from USACE. The model extent is shown in Figure 1. 

3.2 Mesh Development 
 
The mesh was developed using a combination of quadrilateral and triangular elements in 
the SMS software (version 10.1) (Figure 8). The mesh was generated by first dividing the 
study reaches into unique polygons based on roughness variations (see next report 
section). Channel polygons were further sub-divided to orient cells parallel to the 
direction of flow and perpendicular to banks. Polygons were then refined to distinguish 
areas where levees and major roads are present. Elevations were generated for the mesh 
nodes by utilizing the 4 topographic data sources described in Section 2.2.  
 
The mesh has the following features: 
 

• Unstructured mesh with quadrilateral and triangular element configurations 
• Existing conditions mesh 

o 174,162 elements (mesh cells) 
o 153,843 nodes 
o Typical cell size of 10 ft by 30 ft in the river area varying up to 75 by 75 ft 

in the floodplain where less topographic relief occurs 
• 15 quadrilateral cells are generally used to defined the active, unvegetated channel 

perpendicular to flow. 
• Tightest density of cells used in channel areas and where rapid changes in 

elevation occur that may influence floodplain inundation  

http://www.usbr.gov/pmts/sediment/model/srh2d/index.html�
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• Lesser density of cells was used in floodplain areas where there is less elevation 
change (topographic relief). 

 

 
Figure 12. Example of 2D model mesh along Vance Creek. 

3.3 Roughness Delineation 
 
Delineation of roughness for the model mesh was based on mapping and values from the 
2009 modeling effort with the exception of the following updates: 
 

• Roughness values for the main channel were updated based on trends in the D50 
and channel hydraulics for the Skokomish River and Vance Creek (see Section 
2.3). The same roughness boundaries were utilized as the 2009 study. 

• New floodplain areas where the mesh was extended 3 miles upstream on Vance 
Creek and about 0.5 miles on South Fork were delineated based on 2006 aerial 
photography. 

• The Purdy Creek bridge widening area was refined to distinguish Purdy Creek 
and Weaver Creek. 
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• The estuary was modified to further refine areas of cleared vegetation. 

 
Table 6. List of roughness values utilized in existing conditions model. 

Material Number 
Designated in Mesh 

Manning’s 
Roughness 

Value 

Description 

1 .036 Skokomish RM 9-10 
2 .032 Skokomish RM 4-8 
3 .028 Skokomish RM 2-3, Purdy Creek Area 
4 .030 Crop land, cleared vegetation areas 
5 .08 Vegetated 
6 .015 Roads 
7 .05 Levees 
8 .032 Vance RM 0 to 1.5, includes historical Vance 

Creek channel near present confluence with 
Skokomish River 

9 .034 Vance RM 1.5 to 2.5 
10 .037 Vance RM 2.5 to 3.5 
11 .039 Vance RM 3.5 to 4 
12 .026 Skokomish RM 0 to 1 

 

 
Figure 13. Delineation of roughness boundaries in 2D model mesh. 
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3.4 Model Parameters 
 
Model runs used a time step of 0.5 second. Computations were continued until model 
results for discharge at monitoring lines and water surface elevations at monitoring points 
stabilized and differences in results between time steps were negligible. Model runs were 
usually started with no flow in the river, except for a few cases where refinements were 
made and a previous model solution was available as a starting condition. 

3.5 Boundary Conditions 
 
The upstream model boundary included incoming flow at the South Fork, Vance Creek, 
and North Fork as designated in Table 2 (see Section 2.2 for how the values were 
determined). The downstream model boundary consisted of a tidal elevation of 9.2 ft (see 
Section 2.3). 
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Table 7. List of model input data for discharge boundaries. 

Return 
Period 

North 
Fork 

South 
Fork Vance Creek Main Stem 

year cfs cfs cfs cfs 

2 200 12,100 5,200 17,500 

5 200 16,200 7,000 23,400 

10 200 18,400 8,300 26,900 

50 200 22,300 11,000 33,500 

100 200 23,700 12,100 36,000 

500 200 26,400 14,400 41,000 
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4.0 Model Sensitivity and Comparison to Measured 
Data 
 
This report section evaluates the sensitivity of computed water surface elevation to 
varying Manning’s roughness values and the comparison to measured high water marks 
collected during historical floods. 

4.1 Sensitivity to Manning’s Roughness Values 
 
The sensitivity of the model results in the main channel to changes in Manning’s n values 
was analyzed in the 2009 (Klumpp and Bountry, 2009). Manning’s n values were 
increased by 10 percent and decreased by 20 percent in the main channel. A flow of 
2,000 cfs was simulated because the scope of this effort was to understand main channel 
capacity and overbank flow locations. The average difference between the water surface 
elevations using different Manning’s n was approximately 0.1 feet. 
 
For the new modeling effort, n values were increased everywhere (main channel and 
floodplain) by 20% and compared to the values listed in Section 3.3 at 36,000 cfs.  A 
total flow of 36,000 cfs (100-year flood) was used as an indicator of sensitivity because 
the scope of this effort is to estimate the depth of flood inundation on the valley floor. 
This resulted in a mean 0.3 ft increase in water surface elevation. Specific to the nodes 
within the Vance Creek active channel, there was a 0.4 ft mean increase in water surface 
elevation. Specific to the nodes within the Skokomish River main channel there was a 0.2 
ft mean increase in water surface elevation.  The largest deviation of 2 to 3 ft between 
model results occurred along the model edge of the wetted area on river right around RM 
1.5 where a road is present. Water surface elevations in this area had a variation of 1 to 2 
ft and it appears the model had difficulty stabilizing whether to overtop the road. 
 

 
Figure 14. Comparison of all nodes within wetted 100-year flood model results between baseline N 
values and all N values increased by 20%. The graph indicates the number of compuational cells 
within given bins of water surface elevation increases. 
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Figure 15. Comparison of all nodes within Vance Creek main channel wetted 100-year flood model 
results between baseline N values and all N values increased by 20%. The graph indicates the 
number of compuational cells within given bins of water surface elevation increases. 
 

 
Figure 16. Comparison of all nodes within Skokomish River main channel wetted 100-year flood 
model results between baseline N values and all N values increased by 20%. The graph indicates the 
number of compuational cells within given bins of water surface elevation increases. 

4.2 Comparison to Measured High Water Marks 
 
The 2009 model of the Skokomish River was compared to measured water surfaces 
collected during a low flow of 370 cfs, and a limited number of available measured water 
surface elevation values collected at unique locations during the 1997, 1999, and 2007 
floods. No additional high water elevation data has been collected.  
 
In this study, the model was compared to the measured high water marks of the 2007 
flood because occurred shortly after the channel survey data was collected in 2007. The 
2007 high water marks were provided by USACE. Flows for this flood have not been 
officially documented by USGS, but are estimated to have exceeded 22,000 cfs. The 
flood set a new stream gage height record so it is possible that the flow was larger than 
the one-percent chance exceedance flood. The high water marks were compared to the 
one-percent chance exceedance flood of 36,000 cfs (represents total flow at USGS Gage 
at Potlatch). Comparison of measured data and model data are summarized in Table 3. 
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For all but the location at RM 9.8 and 10, the modeled values are 0.5 to 2.5 ft below the 
measured high water marks.  The upstream-most two locations showed more inundation 
than the field data. High water marks are subject to uncertainty, but these results suggest 
that the model roughness may be too low in the channel and/or floodplain, the 2007 flood 
input discharge values need to be resolved, the topography may be inaccurate relative to 
2007 conditions, or the topography does not contain enough detail of features that 
influence hydraulics (e.g. infrastructure in the floodplain, riffles in the main channel, 
levees along banks, etc). Increasing roughness resulted in a mean increase in water 
surface elevation of only 0.3 ft, so it is likely that the topography needs to be further 
resolved to more accurately represent channel banks and bounding levees, along with 
determination of the actual river discharge values. 
 
Table 8. Comparison of measured to computed high water mark elevations (HWM) for the 
December 2007 flood. 

USACE 
Benchmark 

Skokomish  River 
Mile 

HWM 
Elevation 

(feet) 

Computed Water 
Surface Elevation 

36,000 cfs (ft) 

21 10 DRY WET 
20 9.8 83.1 85.1 

14A 8.4 61.1 59.3 
14B 8.4 61.9 60.8 
13A 8.1 56.2 55.7 
13B 8.1 59.0 57.4 
10A 7.6 54.0 52.6 
10B 7.6 54.1 52.3 

8 7.1 49.3 48.4 
4 6 39.9 39.5 
3 5.8 37.9 36.8 

 
Measured high water mark values from the 1999 flood of 16,400 cfs with an unknown 
tide level was compared to the model run for the 2-year flood of 17,500 cfs with a tide 
level of 9.2 ft (Table 4). Measured values were available for locations near Highway 101 
(RM 4.7) and near SR 106 (RM 1.9). Models results ranged from 1.4 ft below the 
measured value to 0.4 ft above it, except for Skokob Creek which was markedly 
different. Skokob Creek differences may be due to the lack of definition in the 2D model 
mesh, the lack of channel topography available, and the influence from the tide and local 
backwater from the culvert under the SR106 bridge crossing that was not modeled in the 
2D model.  
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Table 9. Comparison of measured to computed high water mark elevations (HWM) for the January 
1999 flood. 

Location 

Measure
d data 
from 
16,400 
cfs 1999 
flood 

2D Model 
Data for 
17,500 cfs Notes 

Skokomish River 
upstream of US 101 30.9 29.5   
Weaver Creek 
upstream of US 101 28 28.2 

No Weaver Creek channel 
bottom data in 2D model 

Weaver Creek 
downstream of US 
101 26.5 27.1 
Purdy Creek 
upstream of US 101 28.2 28 No Purdy Creek channel 

bottom data in 2D model; 
2D model includes 2009 
bridge widening 

Purdy Creek 
downstream of US 
101 27.2 27.9 
Skobob Creek 
upstream of SR 106 21.1 16.9 

No Skobob Creek channel 
bottom data in 2D model; 
influenced by tide level set 
in model 

Skokob Creek 
downstream of SR 
106 14.2 DRY 
Skokomish River 
upstream of SR 106 14.4 15.3   
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5.0 Model Results 
 
The solved 2D variables at each grid node include water surface elevation, water depth, 
depth-averaged velocity, Froude number, and shear stress. Model output can also be 
generated to provide flow inundation area and velocity vectors. Model results for RM 0 
to 2 should be used with the caveat that channel elevations were estimated and need to be 
updated in the future to accurately model this region. Additionally, model results near the 
upstream and downstream boundaries of the model should not be utilized. Road crossings 
were modeled as open channel flow. Therefore, floods that may overtop road crossings 
and result in pressurized flow may have a larger local backwater in reality than shown in 
the model. 

5.1 Inundation Mapping and GIS Files 
 
The inundation map of each modeled flood can be viewed by plotting an ARC GIS file 
representing the water surface elevation results. Because the model mesh was fairly 
coarse in the floodplain, inundation results are approximate and should be considered to 
have a 50 to 100 ft horizontal accuracy. Individual houses and small infrastructure were 
generally not represented in the ground elevation topography, and therefore were not 
modeled. Large levees and roads were incorporated into the model mesh, but the data is 
between 3 and 15 years old and in some areas conditions have likely changed. Model 
results compared within a couple feet of available measured data, but channel capacity 
has reduced over time (England 2007) and only a few recently measured data points are 
available (Klumpp and Bountry, 2009). The absolute accuracy of the model results was 
not evaluated.  
 
To assist with inundation interpretations, model results were post-processed in GIS to 
develop 5-ft raster grid files of water depth for each model run (e.g. 2-year, 5-year, 10-
year, 50-year, 100-year, and 500-year floods). An example image of the raster is provided 
in Figure 13. The methodology to develop the raster grid of water depth was to first 
generate a water surface elevation tin from the model results. A 5-ft raster grid was then 
made from the ground elevation data (Photogrammetry, channel survey data, and 
LiDAR). A water surface elevation value was then computed at each 5-ft raster location 
from the tin of model results. A depth was computed by subtracting the ground elevation 
from the water surface elevation tin value at each 5-ft raster cell.  
 



 

20 
 

 
Figure 17. Example figure of post-processed 5-ft raster grid of computed water depths at the 5-year 
flood (blue coloring) plotted on the ground elevation terrain (grey coloring) with the 2006 aerial 
photograph in the background. 

5.2 Channel Capacity 
The discharge conveyed in the mainstem Skokomish River and Vance Creek were 
computed by river mile for the 2-year flood of 17,500 cfs and the 100-year flood of 
36,000 cfs (Figure 14 and Figure 15). The discharge values were also plotted as a 
percentage of the 2- and 100-year flood peaks (Figure 16 and Figure 17). For Skokomish, 
the percentage is computed relative to the computed flood peaks for the USGS gage at 
Potlatch near the Hwy 101 Bridge at RM 4.7.  The exception is RM 10, which was 
computed relative to only the South Fork peak since the confluence with Vance Creek 
does not begin until RM 9.2.  Vance Creek discharge values were computed relative to 
peak flow values for Vance Creek.  The Skokomish River reduces its channel discharge 
capacity relative to the flood peaks between RM 9 and 8, regains some of it by RM 7, and 
then reduces it again in the downstream direction. Vance Creek has a large channel 
capacity relative to the 2-year flood between RM 3 and 1, but downstream of RM 1 
reduces by about half.  
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Figure 18. Channel capacity of mainstem Skokomish River by river mile at the 2-year flood. 
 

 
Figure 19. Channel capacity of the mainstem Vance Creek by river mile for the 2-year flood. 
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Figure 20. Percentage of 2-year and 100-year flood peaks (at USGS gage at Potlatch) being conveyed 
by the mainstem Skokomish River. 
 

 
Figure 21. Percentage of 2-year and 100-year flood peaks being conveyed by the mainstem Vance 
Creek. 

5.3 Water-Surface Elevation Images 
Images of water elevation results were generated with either 1-ft or 2-ft contours on 2006 
aerial photography. Model results of water surface elevation are shown for the 
Skokomish River from RM 0 to 2 in Figure 18 to Figure 23, from RM 2 to 6.5 in Figure 
24 to Figure 29, from RM 6.5 to 10.5 in Figure 30 to Figure 35, and for Vance Creek in 
Figure 36 to Figure 41.  
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5.4 Water Depth Images 
 
Images of water depth results from the 2D model were generated for each model run and 
plotted on 2006 aerial photography. These are the original model results rather than the 
post-processed 5-ft raster grid described in Section 5.1. Water depths range from 0 to 18 
ft, but generally are less than 12 ft and, therefore, are plotted from 0 to 12 ft in the 
figures, with depths greater than 12 ft shown as the same color. Model results of water 
depths are shown for the Skokomish River from RM 0 to 2 in Figure 42 to Figure 47, 
from RM 2 to 6.5 in Figure 48 to Figure 53, from RM 6.5 to 10.5 in Figure 54 to Figure 
59, and for Vance Creek in Figure 60 to Figure 65. 
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Figure 22. Model results for river mile 0 to 2 showing water surface elevation contours (1ft) at the 2-year flood. 
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Figure 23. Model results for river mile 0 to 2 showing water surface elevation contours (1ft) at the 5-year flood. 
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Figure 24. Model results for river mile 0 to 2 showing water surface elevation contours (1ft) at the 10-year flood. 
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Figure 25. Model results for river mile 0 to 2 showing water surface elevation contours (1ft) at the 50-year flood. 
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Figure 26. Model results for river mile 0 to 2 showing water surface elevation contours (1ft) at the 100-year flood. 
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Figure 27. Model results for river mile 0 to 2 showing water surface elevation contours (1ft) at the 500-year flood. 
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Figure 28. Model results for river mile 2 to 6.5 showing water surface elevation contours (1ft) at the 2-year flood. 
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Figure 29. Model results for river mile 2 to 6.5 showing water surface elevation contours (1ft) at the 5-year flood. 
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Figure 30. Model results for river mile 2 to 6.5 showing water surface elevation contours (1ft) at the 10-year flood. 
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Figure 31. Model results for river mile 2 to 6.5 showing water surface elevation contours (1ft) at the 50-year flood. 
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Figure 32. Model results for river mile 2 to 6.5 showing water surface elevation contours (1ft) at the 100-year flood. 
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Figure 33. Model results for river mile 2 to 6.5 showing water surface elevation contours (1ft) at the 500-year flood. 
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Figure 34. Model results for river mile 6.5 to 10.5 showing water surface elevation contours (2 ft) at the 2-year flood. 
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Figure 35. Model results for river mile 6.5 to 10.5 showing water surface elevation contours (2 ft) at the 5-year flood. 
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Figure 36. Model results for river mile 6.5 to 10.5 showing water surface elevation contours (2 ft) at the 10-year flood. 
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Figure 37. Model results for river mile 6.5 to 10.5 showing water surface elevation contours (2 ft) at the 50-year flood. 
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Figure 38. Model results for river mile 6.5 to 10.5 showing water surface elevation contours (2 ft) at the 100-year flood. 
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Figure 39. Model results for river mile 6.5 to 10.5 showing water surface elevation contours (2 ft) at the 500-year flood. 
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Figure 40. Model results for Vance Creek showing water surface elevation contours (2 ft) at the 2 year flood. 
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Figure 41. Model results for Vance Creek showing water surface elevation contours (2 ft) at the 5 year flood. 



 

44 
 

 
Figure 42. Model results for Vance Creek showing water surface elevation contours (2 ft) at the 10 year flood. 
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Figure 43. Model results for Vance Creek showing water surface elevation contours (2 ft) at the 50 year flood. 
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Figure 44. Model results for Vance Creek showing water surface elevation contours (2 ft) at the 100 year flood. 
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Figure 45. Model results for Vance Creek showing water surface elevation contours (2 ft) at the 500 year flood. 
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Figure 46. Model results for river mile 0 to 2 showing water depth at the 2-year flood. 



 

49 
 

 
Figure 47. Model results for river mile 0 to 2 showing water depth at the 5-year flood. 
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Figure 48. Model results for river mile 0 to 2 showing water depth at the 10-year flood. 
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Figure 49. Model results for river mile 0 to 2 showing water depth at the 50-year flood. 
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Figure 50. Model results for river mile 0 to 2 showing water depth at the 100-year flood. 
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Figure 51. Model results for river mile 0 to 2 showing water depth at the 500-year flood. 
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Figure 52. Model results for river mile 2 to 6.5 showing water depth at the 2-year flood. 
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Figure 53. Model results for river mile 2 to 6.5 showing water depth at the 5-year flood. 
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Figure 54. Model results for river mile 2 to 6.5 showing water depth at the 10-year flood. 
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Figure 55. Model results for river mile 2 to 6.5 showing water depth at the 50-year flood. 
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Figure 56. Model results for river mile 2 to 6.5 showing water depth at the 100-year flood. 
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Figure 57. Model results for river mile 2 to 6.5 showing water depth at the 500-year flood. 
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Figure 58. Model results for river mile 6.5 to 10.5 showing water depth at the 2-year flood. 
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Figure 59. Model results for river mile 6.5 to 10.5 showing water depth at the 5-year flood. 



 

62 
 

 
Figure 60. Model results for river mile 6.5 to 10.5 showing water depth at the 10-year flood. 
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Figure 61. Model results for river mile 6.5 to 10.5 showing water depth at the 50-year flood. 
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Figure 62. Model results for river mile 6.5 to 10.5 showing water depth at the 100-year flood. 
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Figure 63. Model results for river mile 6.5 to 10.5 showing water depth at the 500-year flood. 
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Figure 64. Model results for Vance Creek showing water depth at the 2-year flood. 
!(958859.0, 737S31.0, 0.1160203092102) s:: 0 . 1160203092102 
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Figure 65. Model results for Vance Creek showing water depth at the 5-year flood. 
  

lc950739.0, 737820.0, 0 .0276419731173) s: 0 .0276419731173 
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Figure 66. Model results for Vance Creek showing water depth at the 10-year flood. 
[(958722.0, 735259 .0, 3 5 426233048129) s: 3.5426233048129 
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Figure 67. Model results for Vance Creek showing water depth at the 50-year flood. 
[p:157201.0, 734995.0, 1.4819928787292) s: 1 .'4819928787292 
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Figure 68. Model results for Vance Creek showing water depth at the 100-year flood. 
[(958767.0, 735373.0, 3.1910730612015) s: 3.1910730812015 
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Figure 69. Model results for Vance Creek showing water depth at the 500-year flood.
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6.0 Model Summary 
 
An existing 2D model was refined to incorporate new topography collected by 
Reclamation on Vance Creek, the Purdy Creek Bridge widening, along with adding flow 
inputs at Vance Creek and the North Fork. The new 2D model covers the lower 4 miles 
of Vance Creek and the downstream-most 10 miles of the South Fork and mainstem 
Skokomish River.  The 2D model accommodates lateral variation in water surface 
elevations.  The 2D model output was used to generate coarse-scale inundation mapping 
and to determine critical locations where the Skokomish River starts to flow out of bank 
as river discharges increase.  
 
Model results indicate the mainstem Skokomish River reduces its channel discharge 
capacity between RM 9 and 8, regains some capacity by RM 7, and then reduces capacity 
again in the downstream direction. Vance Creek has a large channel capacity relative to 
the 2-year flood between RM 3 and 1, but downstream of RM 1 reduces by about half. 
Water depths range from 0 to 18 ft, but generally are less than 12 ft for the floods 
modeled.  To assist with inundation interpretations, model results were post-processed in 
GIS to develop 5-ft raster grid files of water depth for each model run (e.g. 2-year, 5-
year, 10-year, 50-year, 100-year, and 500-year floods). 
 

7.0 Uncertainty and Data Collection Recommendations 
 
All numerical hydraulic models have uncertainty due to potential error in topography, 
discharge, representation of roughness, and to a lesser degree computational procedures.  
Roughness uncertainty in predicted water elevation results for this effort is estimated to 
be less than 0.5 ft.  The largest potential uncertainty of the Skokomish 2D model is 
accurate representation of complex topography, particularly features that control when 
flow spills out of the main channel into overbank areas.   Model results for RM 0 to 2 
should be used with the caveat that channel elevations were estimated and need to be 
updated in the future to accurately model this region. Road crossings were modeled as 
open channel flow. Therefore, floods that may overtop road crossings and result in 
pressurized flow may have a larger local backwater in reality than shown in the model. 
 
If it is of interest to further improve the2D model, the following steps could be 
considered for implementation and prioritized based on where it is most critical to reduce 
uncertainty: 
 

• Collect and incorporate new topographic data to address data gaps: 

o Below water portions of the Skokomish channel downstream of RM 2 (no 
data currently available)  

o Profiles along top of bank of mainstem channels and levees to validate and 
refine overbank flow potential (currently uses 1998 photogrammetry) 
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o North Fork channel and floodplain (no data currently available) 

o Hydraulic controls (riffles and channel widening/narrowing) on the 
mainstem channels that influence water surface elevation (focus on gaps 
between 2007 cross-section survey locations or where change in bed 
elevation or width is significantly different) 

o Channel survey data for wetted channel areas of the floodplain, including 
Purdy Creek, Weaver Creek, and Skabob Creek (not well represented in 
photogrammetry where channels were flowing with water at time of data 
collection)  

• Collect new high water elevations with a more robust discharge measurement at 
numerous locations along the mainstem channel that correlate in time with 
updated topographic data 

• As a lower priority, collect new LiDAR or photogrammetry data at a low river 
flow that is processed to remove vegetation and more accurately represents bank 
elevations and floodplain topography, along with in-channel bars and islands that 
are exposed at low flow.  This task would ideally be accomplished in a similar 
timeframe but slightly higher flow river survey (to have overlapping data) that 
collects longitudinal profiles to represent the wetted channel. 
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Appendix B: Bedload Transport Modeling 
 
Sediment transport modeling is another tool that can aid in understanding the sedimentation and 
geomorphic processes of a river.  In the Skokomish River, the dominant channel sedimentation 
processes are bedload transport and deposition.  Modeling was conducted for the main channel 
bedload transport, and did not include suspended sediments or overbank sedimentation.  Bedload 
modeling utilizes channel geometry, hydraulic roughness, water discharge, bed material sizes 
and sediment load characteristics to compute bedload transport, erosion, and deposition along a 
river channel.  The bedload transport modeling combined with the hydraulic modeling, sediment 
budget, and riverbed change analysis will provide information to inform the design of flood risk 
reduction alternatives and the analysis of potential geomorphic changes and related changes in 
physical habitats. 
 
Bedload is the movement of sediment particles rolling, sliding, or bouncing along the riverbed.  
Under base flows the riverbed is generally stable, with little or no bedload transport.  As stream 
discharge increases, particles on the riverbed surface are put into motion by the increasing force 
of the flowing water.  The smaller particles require less energy to initiate motion and begin to 
move before the larger particles.  Conversely, the larger particles deposit first, when the river still 
has enough energy to transport the smaller particles.  Smaller particles are often eroded from the 
bed surface by modest discharges, resulting in the formation of a coarse surface layer, commonly 
referred to as armoring.  Bedload moves much slower the water carrying it and individual 
particles generally move only short distances, on the order of 100’s of feet a year.   
 
MODELING APPROACH 
 
Bedload transport modeling utilizes empirical equations to simulate the movement of bed 
material along the riverbed.  USACE’s one-dimensional sediment transport model HEC-RAS 4.1 
was chosen for this investigation.  HEC-RAS utilizes steady-state hydraulic calculations to 
generate quasi-unsteady sediment transport.  For a given flow condition, HEC-RAS calculates 
the energy slope, velocity, and depth at each river cross-section.  Those variables are then 
combined with the bed material gradations and a selected sediment transport equation to 
calculate transport rates at each cross-section.  The difference in transport rates between cross-
sections determines the resulting erosion or deposition.  The sediment transport rates are 
calculated by grain size, allowing for the downstream sorting of the sand and gravel. 
 
The accuracy and usefulness of the modeling depends on how well the equations reproduce the 
observed sediment behavior of the river.  The bedload transport equation used in this model was 
the Meyer-Peter Muller (MPM) equation (1948).  The MPM bedload equation is widely used in 
river engineering investigations and is well suited for gravel bedded rivers. The MPM equation 
calculates bedload transport by comparing the forces at the riverbed generated by the water, to 
the force required to initiate motion of the bed material particles.    
 
Judging the accuracy of the model results depends on the type and amount of available data.  For 
the Skokomish River the available data consists of the 1994-2007 bed elevation changes, a 
limited amount of bedload measurements, bed material samples, and streamflow measurements.  
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Several different combinations of factors were modeled to refine the performance of the model.  
The most significant alternative comparisons made in this analysis were between the MPM 
equation and a modified version of MPM (Wong and Parker, 2006), and between surface and 
sub-surface material gradations.   
 
MODEL DATABASE 
 
Model Geometry 
 
The HEC-RAS model used in this analysis covers the river from RM 2 to near RM 11.  KCM 
(1997) developed the original one-dimensional, steady state model using HEC-2.   That model 
was later updated by CES (1999) and WEST (2006).   For this bedload analysis USACE again 
updated the model with new channel cross-section surveys between RM’s 2 and 11 completed by 
Pacific Geomatic Services in 2007.  Lateral weirs were used along the channel to simulate the 
diversion of flood waters from the main river channel.  Active flow areas were limited to those 
along the river that influenced the amount of water in the main channel. 
 
Bed Material 
 
The bed material gradation is an important factor in the bedload transport calculations.  The 
potential transport for each grain size is adjusted by the percent of the total bed composed of that 
size class to arrive at the computed transport.   
 
The South Fork and main stem Skokomish River are high energy streams with coarse grained 
riverbeds.  The bed material is predominately gravel, with small amounts of sand and cobbles.  
The median grain size, D50, of bed material samples collected by Reclamation (2009a) are shown 
in Figure B-1.  As B- 1 shows, the surface sediment layer is coarser than the sub-surface 
material, and both become finer in the downstream direction.    
 

 
 
Figure B-1.  Surface and sub-surface sediment D50’s for the South Fork and Skokomish Rivers 
(Reclamation, 2009a). 
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Bed sediments throughout the reach varied widely and range from sands to cobbles, depending 
on local flow conditions.  The sediment gradations shown in Figure B-2, taken near the old North 
Fork confluence (RM 8.4) (Reclamation, 2009a) are typical of those found throughout the river.  
They show strong bed armoring patterns, with a majority of surface layer being a mix of coarse 
gravels and some cobbles. The sub-surface layers were generally gravelly with some sands found 
in the matrix.  The coarse surface layer restricts bedload transport until the discharge increases 
enough to mobilize it and expose the sub-surface material.  The available stream energy is then 
higher than required to mobilize the smaller sub-surface sediments and the sub-surface material 
erodes relatively rapidly. 
 

 
 

Figure B-2. Bed gradations near Old North Fork confluence (RM 8.5) (Reclamation 2009a) 
 
Bedload Measurements 
 
The Skokomish River is unusual, in that there are actual bedload measurements available for this 
river.  Bedload measurements have been taken the Skokomish River by Simons and Associates 
(SA), and the USGS.   The initial bedload samples were collected by SA in 1996, as part of their 
work for TPU.  SA collected bedload data at the USGS gaging sites on the South Fork and main 
stem, and on the main stem at Highway 106.  USACE identified a need for current bedload 
measurements to support this study and entered into an agreement with the USGS to measure 
bedload on the main stem at Highways 101 and 106.   
 
The SA bedload data, shown in Figures B-3 and B-4, indicates there was little bedload transport 
at any of the three sites when discharges were below 2,000 cfs.  Between 2,000 cfs and 4,000 cfs 
bedload transport began to increase, but remain below 800 tons/day on the South Fork and 500 
tons/day on the main stem.    Given the steeper slope on the South Fork, it would be expected to 
transport more bedload for the same discharge than the main stem.  SA did not report any 
bedload data on the South Fork for discharges over 4,000 cfs.  The 4,000 cfs discharge is 
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frequently exceeded during winter storms and is well below the 12,100 cfs peak of a 50-percent 
chance exceedance flood on the South Fork.  Based on the data for the main stem at Highway 
101 that indicates bedload increases rapidly for discharges over 4,000 cfs, there is not enough 
bedload data for the South Fork to estimate the transport rates above 4,000 cfs.  Lacking 
sufficient bedload measurements, the South Fork bedload inflows were calculated based on 
equilibrium transport at the upstream cross-section.   This method uses the bed material 
gradation and hydraulic conditions to calculate the bedload inflow, but does not alter the initial 
cross-section conditions during the model run. 

 

 
 

Figure B-3.  Measured bedload transport at the South Fork USGS gaging site and on the main 
stem Skokomish River at Highway 106. 

 

 
Figure B-4. Measured bedload transport on the main stem Skokomish River at Highway 101. 
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The best data set is the one for the main stem Skokomish River at Highway 101.  There the 1994 
SA data has been supplemented by the USGS 2010 data (Figure B-4).  The measurements cover 
river discharges that range from near base flows to flows well above flood stage.  The SA and 
USGS data are very consistent and show a rapid rise in bedload transport from around 500 
tons/day at 4,500 cfs to about 2,700 tons/day at 6,000 cfs.  The measurements cover nearly the 
maximum discharges expected to occur at this site as most flood water is diverted out of the river 
before it reaches Hwy 101.  The increase in bedload transport above 4,500 cfs suggests the main 
stem bed is generally armored for discharges up to about 4,500 cfs, and that the armor begins to 
breakup and the sub-surface sediments are mobilized as discharges rise above 4,500 cfs.  The 
4,500 cfs discharge is approximately the bank-full discharge at this site.  The bedload data for the 
Hwy 101 site also includes the size distribution of the bedload.  Figure B-5 show a typical size 
distribution for bedload sampled in 2010.   The bedload data confirms that particles up to at least 
64 mm are being transported by the river.   
 

 
Figure B-5.   Size gradation from one of the 2010 USGS bedload samples. 

 
Measured bedload transport is lowest at the Hwy 106 site on the main stem.  The SA and USGS 
data are not as consistent here as at Hwy 101, but both show lower bedload transport rates.  The 
Hwy 106 discharge is influenced by the tides in Hood Canal and this complicates the bedload 
transport.  Much more data would have to be collected at Hwy 106 to establish the relationships 
between tidal stage, river discharge, and bedload transport.   
 
Hydrology 
 
Discharges used as inflows in this bedload transport modeling were derived from Reclamation’s 
hydrologic analysis (2007).   The discharges for the South Fork stream gaging site were the 
inflows at the upstream model boundary.  Tributary inflows were developed for the North Fork 
and Vance Creek, and the total inflows were compared to the main stem gage site discharges.  
Annual bedload transport was computed using the annual flow duration curves and flood 
hydrographs were used for individual flood events.  Discharges varied widely along the modeled 
channel as tributaries entered, and flood waters exited and re-entered the main channel.   
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MODEL PERFORMANCE 
 
It is desirable to calibrate any hydraulic model to observed data to insure it is accurately 
reproducing what actually happens on the river.  Water surface profile models are usually 
calibrated to high water marks from past floods and/or to stage/discharge rating curves at USGS 
gaging sites.  The Skokomish River bedload transport model results can only be compared to 
observed data at the main stem USGS gage at Hwy 101.  There are stage/discharge and bedload 
transport measurements available at that site that can be compared to the model results.  While 
those comparisons are very useful, they are not adequate to justify a high degree of accuracy or 
precision in the model results due to the large variations in discharge and bedload transport 
found in the Skokomish River.  Other comparisons that can be made to evaluate the model 
performance are; to the flow patterns in Reclamation’s 2-D hydraulic model, and the observed 
deposition in the river.  These are broader, more generalized comparisons, but they are still 
useful. 
 
Hydraulic  
 
During floods, much of the Skokomish River’s discharge is diverted out of the river channel 
before it reaches the USGS gaging site at Hwy 101.  The highest discharge measured by the UGS 
in the last five years was 6,840 cfs, measured during bedload sampling in January 2010.  The 
hydraulic calculations in the bedload transport model include the diversion of flood water from 
the channel, resulting in similarly reduced flood discharges at the gage site.  Figure B-6 shows 
the relationship between the measured and computed water surface elevations at the Skokomish 
River gage.  The match is very good, up to the maximum computed discharge of 5,200 cfs.  The 
HEC-RAS model's inability to produce more than 5,200 cfs at the Hwy 101 bridge appears to be 
related to top of bank elevations upstream of the bridge. The model results are more uniform 
than the measurements.  The small irregularities in the measured data may be due to changes in 
the riverbed elevation.    
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Figure B-6.  Measured and modeled water surface elevations for the USGS Skokomish River 
gage at Hwy 101.   
 
A Manning’s roughness value of 0.030 was used for most of the Skokomish River channel downstream of 
the North Fork (RM 7.3).  The exception was a reach between RM’s 2 and 3 where Manning’s roughness 
was raise to 0.042 to account for a confined channel with vegetation and LWD.  On the South Fork, 
Manning’s roughness was raised slightly to 0.032.  In the vicinity of the old North Fork confluence (RM 
8-8.5) the channel roughness was subdivided, with values of 0.04-0.06 used to represent vegetation and/or 
accumulations of LWD present within this wide channel reach.  Ineffective flow areas and lateral weirs 
were used to limit the overbank flow to areas adjacent to the channel.  A Manning’s roughness of 0.12 
was generally used for the riparian forests adjacent to the channel.  Downstream of RM 5 values of 0.6-
0.8 were used for overbank wetlands.  These Manning’s roughness values produced a good match to the 
measured stage/discharge values at the USGS gage at Hwy 101, shown in Figure B-6.     
 
The other useful comparison that can be made is the channel discharges computed by HEC-RAS 
and Reclamation’s 2-D model.  Channel discharges vary along the river as tributaries enter, and 
flood waters leave and re-enter the main channel.  The 2-D model better represents the irregular 
topography and hydraulic roughness of the river and floodplain.  This gives it significant 
advantages in computing the distribution of flow in the river channel and floodplain.  Comparing 
the HEC-RAS channel discharge to the 2-D model’s channel discharge gives an indication of 
how well the HEC-RAS results represent the changing conditions along the river.  Table B-1 lists 
the channel discharges for similar flows from Reclamation’s 2-D model and HEC-RAS.  The 
results follow the same pattern, but HEC-RAS tends to keeps slightly more discharge in the river 
channel.   
 
Table B-1.  Modeled channel discharges from Reclamation, 2011, and the HEC-RAS model used 
to compute bedload transport. 

River Mile Reclamation 2-D Model 
Discharge in CFS 

HEC-RAS 1-D Model 
Discharge in CFS 

10 9,600 8,500 
9 10,800  11,900 
8 3,200 6,000 
7 7,200 8,400 
6 5,200 5,000 
5 3,200 4,900 
4 2,400 3,000 
3 4,000 2,400 
2 4,000 10,700 

 
 
 
Bedload 
 
Computed bedload transport rates can be very sensitive to the transport function and bed material 
gradations used in the modeling.  This study used two bedload transport functions and two bed 
material gradations to investigate a range of potential transport conditions.  The two transport 
functions were the MPM (1948) and a modified version of MPM (mod-MPM) (Wong and 
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Parker, 2006).  Both equations were used to compute bedload using the sub-surface bed material 
gradations.  Additionally, the MPM equation was used to compute bedload using the coarser, 
surface bed material gradations.  The computed bedload transport rates and gradations can be 
compared to the measured values on the Skokomish River at Hwy 101. 
 
Transport Rate.  Computed bedload transport rates for the Skokomish River at Hwy 101 for the 
three model runs are plotted in Figure B-7, along with the measured bedload transport rates.  The 
MPM results show much higher bedload transport rates for the finer, sub-surface material 
gradation (MPM sub-surface) than for the surface gradation (MPM surface).   The MPM surface 
results match the measured rates very well below 4,500 cfs when the riverbed is armored.  
However, above 4,500 cfs the PMP surface rates begin to fall below the measured bedload.   The 
MPM sub-surface rates are higher than the measured rates, but are approaching the measured 
rates above 5,000 cfs.  The mod-MPM with sub-surface gradations (mod-MPM sub-surface) 
results also match the measured bedload very well up to about 5,200 cfs.   The bedload transport 
measurements extend up to 3,100 tons/day at 6,480 cfs, but the HEC-RAS model, in its present 
form, does not generate that high of a discharge at Hwy 101.    
 
 

 
Figure B-7.  Computed and measured bedload transport on the main stem Skokomish River at 
Highway 101 (RM 4.8). 
 
 
Gradation.   The transport rate is not the only bedload performance measure that can be made 
on the Skokomish River.  The gradation of the computed bedload transport can be compared to 
the measured bedload and bed material gradations of the river.  Figure B-8 shows the MPM 
surface and MPM sub-surface model transport gradations computer for approximately 5,100 cfs, 
and a comparable USGS 2010 gradation for the Skokomish River at Hwy 101.  While both 
transport models predicted the bedload rate quite well, neither of them matches the gradation 
very well.  The models do not calculate enough shear stress (Shear stress is a measure of the 
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hydraulic force on the riverbed; defined as the product of the specific weight of water, the 
hydraulic radius and slope) at Hwy 101 to transport particles larger than 8 mm, despite the fact 
that the USGS measurements indicate that nearly half the bedload at 5,100 cfs is composed of 
particles between 8 and 64 mm.   Figures B-9 and B-10 show the variation in bedload gradation 
with the surface and sub-surface bed material gradations.  In both cases, the bedload is finer than 
the associated bed material gradation.  The discrepancy between bedload gradations and bed 
material gradations exists throughout the model.   Because this is a persistent discrepancy, its 
impact on the overall deposition volumes and pattern are judged to be minimal.   
 
 
 
 
 
 
 

 
 
Figure B-8.  Computed and measured bedload gradations for the Skokomish River at Hwy 101.   
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Figure B-9.  Computed bedload gradation and surface bed material gradation for the Skokomish 
River at Hwy 101.   
 
 
 
 

 
Figure B-10.  Computed bedload gradation and sub-surface bed material gradation for the 
Skokomish River at Hwy 101. 
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MODEL RESULTS 
 
Three model senarioes, MPM sub-surface, MPM surface, and mod-MPM sub-surface, were 
examined to cover the expected range of bedload transport conditions.   Each senarioe begins 
near RM 2 on the Skokomish River and runs upstream to near RM 11 on the South Fork.   The 
annual flow duration curves (Reclamation, 2007) were shaped into a single hydrograph, with 
discharges distraibuted between the South Fork, Vance Creek, and the North Fork.   
 
Figures B-11 show the results of the MPM runs for surface and sub-surface bed material 
gradations, and discharges in the 3-4,000 cfs range.  This discharge range would occur at the 
beginning and end of large storms, or near the peak of small storms.  The channel discharge 
fluctuates around 3,000 cfs as water moves in and out of the main channel.  The sub-surface 
material produced high transport upstream of the old North Fork confluence, a rapid drop in 
transport (deposition) near the old North Fork confluence, and the relatively steady transport 
down to RM 4, where transport dropped to near zero.  The surface material produced very little 
bedload upstream of Vance Creek, transport increased (scour) between Vance Creek and the old 
North Fork confluence, was steady down to RM 4, and then decreased to near zero at RM 3.  
Based on the computed bedload at Hwy 101, the MPM surface scenario is judged to be the most 
representitive of bedlaod transport in this 3-4,000 cfs discharge range.   
 
 

 
Figure B-11.  Discharge and bedload transport profiles for the South Fork and Skokomish Rivers 
for discharges in the 3- 4,000 cfs range comparing surface and sub-surface gradation results. 
 
Figures B-12 show the results of the MPM runs for surface and sub-surface bed material 
gradations, and discharges in the 15,000 cfs range.  This discharge range would occur around the 
peak of a 50- to 20-percent chance exceedance flood.  The channel discharge decreases in the 
downstream direction, except at Vance Creek and at the North Fork confluence, where South 

0 

500 

1,000 

1,500 

2,000 

2,500 

3,000 

3,500 

4,000 

4,500 

0.00 2.00 4.00 6.00 8.00 10.00 12.00 

BE
D

LO
A

D
 in

 T
O

N
S 

PE
R 

D
AY

 
&

 D
IS

CH
A

RG
E 

in
 C

FS
 

RIVER MILES 

SKOKOMISH RIVER  
BEDLOAD TRANSPORT 

Channel Discharge 
MPM Sub-surface 
MPM Surface 

Va
nc

e 
Cr

ee
k 

O
ld

 N
or

th
 F

or
k 

 

N
or

th
 F

or
k 

H
ig

hw
ay

 1
01

 

Pu
rd

y 
Cr

ee
k 

H
ig

hw
ay

 1
06

 

H
oo

d 
Ca

na
l 



 

- 12 - 
 

Fork overbank floodwaters and North Fork discharges enter the main stem.  The MPM sub-
surface scenario produced bedload transport rates that are highly correlated with the channel 
discharge during floods.  The MPM sub-surface bedload is highest at the upstream boundary on 
the South Fork and steadily declines as floodwater leaves the main channel.   The MPM sub-
surface calculations temporaryly increased bedload downstream of Vance Creek and the North 
Fork confluences where water enters the main channel.   The erosion downstream of Vance 
Creek may be a modeling anomally caused by inputting the Vance Creek inflow directly into the 
main river channel.   Some Vance Creek flow may actually go into the floodplain before 
reaching the South Fork channel.  The MPM sub-surface transport dropped to near zero around 
RM 3.   
 
The MPM surface scenario produced much lower bedload transport for the higher discharge 
conditions.  The MPM surface bedload also increases at Vance Creek and the North Fork 
confluence, then decreased to near zero at RM 3.  Based on the computed bedload at Hwy 101, 
the MPM sub-surface scenario is judged to be the most representitive of bedlaod transport in the 
15,000 cfs discharge range.   
 
Figures B-13 and B-14 show the results for the MPM and mod-MPM sub-surface scenarios.  The 
mod-MPM produced results that followed the same trends as the MPM sub-surface model, only 
with about half the bedload transport.  The mod-MPM results are similar to the MPM surface 
results for 3-4,000 cfs, except it generates higher transport upstream of Vance Creek.  
 
 

 
Figure B-12.  Discharge and bedload transport profiles for the South Fork and Skokomish Rivers 
for discharges in the 15,000 cfs range comparing surface and sub-surface gradation results. 
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Figure B-13.  Discharge and bedload transport profiles for the South Fork and Skokomish Rivers 
for discharges in the 3- 4,000 cfs range comparing MPM and Mod-MPM sub-surface results. 
 

 
Figure B-14.  Discharge and bedload transport profiles for the South Fork and Skokomish Rivers 
for discharges in the 15,000 cfs range comparing MPM and Mod-MPM sub-surface results. 
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In addition to deposition patterns along the river, the model results can provide insights into the 
timing of bedload transport.   Table B-2 lists the bedload transport for the highest 22 days of an 
average year for three locations.  The judgment of what model run, MPM surface or MPM sub-
surface, best represents the bedload for the given discharge was based on the bedload 
measurements at Hwy 101 (RM 4.8).  The discharges for the South Fork near RM 11 were 
derived from Reclamation’s flow duration curve for the South Fork gage.  Discharges for the 
other two locations come from modeling runs that begin with the South Fork inflows, but 
compute the change in channel discharge due to water entering or leaving to the overbank.  The 
bedload transport rates for discharges less than bankfull come from MPM surface runs and 
reflect supply limited bedload transport.   Whereas bedload rates for discharges above bankfull 
come from MPM sub-surface runs that are transport capability limited.    
 
Near RM 11 in the South Fork, on average, each year the highest 48 hours of flood discharges 
(The highest 48 hours is defined by the flow duration curve and does not necessarily consist of 
48 consecutive hours of flow every year.) transport an estimated 90 percent of the average annual 
bedload.  Upstream of the North Fork confluence (RM 8), the flood peaks and bedload transport 
are significantly reduced and the South Fork only transports an estimated 40 percent of the 
average annual bedload during the highest 48 hours of flood discharges.  On the Skokomish 
River at Hwy 101 (RM 4.8) the flood peaks are further reduced and an estimated 35 percent of 
the average annual bedload is transported during the highest 48 hours of flood discharges.  In the 
main stem and lower mile of the South Fork, discharges at or slightly over bankfull (3,000-4,500 
cfs) may occur for a total of about six days each year and transport 30-40 percent of the local 
average annual bedload.  The transport rates are lower during this six day period, but the longer 
duration results in total transport comparable to the 48 hours of flood discharges. 
 
Table B-2.  Bedload transport for the highest 22 days derived from Reclamation’s flow duration 
curve for the South Fork gage. 

 South Fork near RM 11 South Fork near RM 8 Skokomish River at Hwy 101 
Time 
Hours 

Discharge 
CFS 

Bedload 
Tons/Day 

Bedload 
Tons 

Discharge 
CFS 

Bedload 
Tons/Day 

Bedload 
Tons 

Discharge 
CFS 

Bedload 
Tons/Day 

Bedload 
Tons 

240 800 10 100 960 125 1300 1000 70 700 
96 1600 30 120 1800 170 700 2000 200 800 
96 3000 60 240 2950 260 1000 3000 340 1400 

 20 4900 4100 3400 4400 430 360 4000 400 330 
7 7400 5900 1700 5400 1620 470 4400 1300 380 
1 9900 8400 350 6200 1800 75 4700 1400 60 
1 14800 15200 600 7400 2350 100 5080 1600 70 
1 15800 17000 700 7500 2420 100 5100 1600 70 
1 14800 15200 600 7400 2350 100 5080 1600 70 
2 9900 8400 700 6200 1800 150 4700 1400 120 
14 7400 5900 3400 5400 1620 950 4400 1300 760 
40 4900 110 200 4400 430 720 4000 500 830 

TOTAL  12110   6025   5590 
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MODELING CONCLUSIONS 
 
None of the three bedload modeling scenarios can adequately simulate bedload over the full 
range of Skokomish River discharges.   This is due to what appears to be a bimodal transport 
regime in the main stem Skokomish River, where the larger surface sediments armor the riverbed 
for discharges up to approximately 4,500 cfs.  The MPM sub-surface results suggest that below 
4,500 cfs the Skokomish River has enough energy to transport more bedload than is available, 
and is therefore supply limited by the bed armor.   It is likely that below 4,500 cfs only the 
smaller surface sediments in the river channel are being transported.   As discharges increase 
above 4,500 cfs the surface armor is mobilized, exposing more of the finer sub-surface material.  
The sub-surface material is then eroded and entrained into the bedload, causing the bedload 
transport rate to increase rapidly.  Bedload transport below 4,500 cfs is best represented by the 
MPM surface scenario and above 4,500 cfs by the MPM sub-surface scenario.   
 
The computed bedload transport rates are highly correlated with the channel discharge during 
floods.   The modeling results indicate that large amounts of bedload are transported into the 
lower South Fork during high discharge storm events and most of that material is deposited 
upstream of the North Fork confluence.   During floods disposition would occur throughout the 
lower South Fork and Skokomish rivers, except for short reaches downstream of the Vance 
Creek and North Fork confluences.   The erosion downstream of Vance Creek may be a 
modeling anomaly produced by inputting all the Vance Creek discharge directly into the South 
Fork channel.   
 
The model results indicate small volumes of bedload may be re-distributed in the lower South 
Fork and main stem during the extended periods of flows in the 3,000-4,500 cfs range.  Those 
discharges are at or slightly above bankfull discharge and can occur before and after flood peaks 
or just following a small rain storm.  The modeling results indicate very little bedload is ever 
transported downstream of the Purdy Creek confluence area.   
 
 
MODEL LIMITATIONS AND UNCERTAINTIES 
 
The HEC-RAS model used in this analysis has limitations that result from the structure of the 
program and the available data.  The structure of the model limits the river conditions that can be 
modeled, while the available data limits the reliability of this specific model study. 
 
The structural limitations of HEC-RAS bedload modeling include the capabilities of the 
transport functions and the hydraulic computations.  The MPM bedload function, like almost all 
other bedload functions, is a generalized, empirical equation that does not incorporate all the 
physical processes that influence bedload movement in a river.  The MPM function produced a 
good match to observed bedload transport rates at Hwy 101, but was also not able to transport 
the large 16-64 mm particles collected in the bedload measurements.   
 
HEC-RAS uses cross-section average hydraulic and sediment size parameters to calculate 
bedload.   This is not consistent with the depth, velocity, and turbulence variations that occur 
across a river.  The scale of the calculations, roughly 500 ft between cross-sections in this model, 
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also eliminates the localized changes in hydraulic parameters that can influence bedload 
transport.   HEC-RAS calculates average bed elevations changes and adjusts the entire channel 
bottom to account for scour or deposition. 
 
The primary data limitations in this study were the lack of defined inflowing sediment load 
curves for the South Fork and Vance Creek, the flow distribution during floods, and channel 
survey data downstream of RM 2.    
 
Without measured South Fork bedload data, the model computed an equilibrium load at the 
upstream boundary.  The incoming bedload originates in channels that have much different 
hydraulic and sediment conditions than the South Fork boundary cross-section.  Without bedload 
data for the South Fork, it is not possible to better define the inflowing bedload.   
 
There are no measurements of the various inflows and flow diversions that occur during floods.  
This model was compared to the 2-D model results (Reclamation, 2009b) to evaluate the 
overbank diversions.  The two models produce similar flow patterns and the comparison is very 
helpful, but actual measurements would improve on this important model result.   
 
There is also not adequate survey information on channel geometry downstream from RM 2 on 
the mainstem.   That geometry will have to be added to the model to determine how much 
bedload can reach Annas Bay.  
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1 INTRODUCTION 

This inventory of wetland habitats in the lower Skokomish River valley was conducted by 
Anchor QEA, LLC (Anchor QEA) at the request of the U.S. Army Corps of Engineers (Corps) 
to support the Corps’ Skokomish River Basin Ecosystem Restoration General Investigation 
(the General Investigation).  The Skokomish River is located on the eastern slopes of the 
Olympic Peninsula in Mason County, Washington, and flows in to Hood Canal along a fjord 
with a pronounced bend (Figure 1).  The General Investigation addresses ecosystem 
restoration in the Skokomish River watershed.  Mason County, the Skokomish Tribal Nation, 
and the Corps, along with several other state, federal, and local governmental entities, have 
been working to develop a plan for restoring the Skokomish River watershed ecosystem.  
The initial goals of the General Investigation are the creation of a sustainable and restored 
river channel and the restoration of habitat to aid recovery of endangered salmon species.  
This wetland inventory documents the existing wetlands and wetland habitats in the 
Skokomish River Watershed in support of the General Investigation. 
 
Wetlands play an important role in the large river valleys of the Puget Lowlands.  Puget 
Lowlands rivers located in broad low gradient valleys, such as the Skokomish River in the 
project study area (Figure 2), were characterized prior to human development by a single 
channel with numerous ox bow lakes and vast floodplain wetlands (Collins et al. 2003).  
These floodplain wetlands did and still do play a critical role in the morphology, hydrology, 
and ecology of the lower Skokomish River valley.  Wetlands provide flood storage and 
absorb water run-off, both of which can lessen the peak height of floods.  Wetlands also 
provide key habitats that are critical for a number of species including federally listed 
endangered species found in the study area.  Furthermore, wetlands beneficially impact 
water quality by absorbing nutrients and pollutants before they enter the Skokomish River.  
By extension, these water quality functions benefit the water quality of Hood Canal, which 
suffers from low levels of dissolved oxygen exacerbated by nitrogen loading (Newton 2008).  
 
The previous and most recent inventory of wetlands in the lower Skokomish River valley 
was the National Wetland Inventory (NWI) that was based on high altitude (1:12,000), color 
infrared imagery acquired in the 1980s and the soil survey report of Mason County (NRCS 
2010; Figure 3).  The dynamic channel migration pattern of the Skokomish River and efforts 
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to restore wetlands and drain agricultural areas have made this data set largely obsolete.  
Numerous wetland areas in the Skokomish River watershed are not accurately mapped by 
the NWI.  Some of these misclassified areas can be revealed easily by reviewing recently 
collected contemporary high altitude imagery.  To assist in meeting the goals of the General 
Investigation, wetland areas inventoried in the study area at the time of this report are 
documented herein.  This report was developed using existing aerial topography surveys 
(stereo interpretation and Light Detection and Ranging [LiDAR]) and mission-specific, low 
altitude, color infrared imagery.  The methods used to determine wetland areas are based on 
U.S. Fish and Wildlife Service (USFWS) protocols for wetland inventory (USFWS 2009) 
 
This investigation identified nearly 1,000 more acres of wetlands than the NWI including 
substantially more of all wetland classes with the exception of palustrine forested (PFO) and 
palustrine open water (POW).  The changes can be attributed to several factors, including 
channel migration of the Skokomish River and its tributaries, land use changes in the 
floodplain including significant wetland restoration efforts, differences in source data and 
technology, and the more intensive field investigation associated with this effort.  Channel 
aggradation by several feet over the last 40 years has also resulted in higher groundwater 
elevation and increased wetland area. 
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2 BACKGROUND INFORMATION 

The Skokomish River watershed drains an area of approximately 247 square miles, with 80 
miles of mainstem and over 260 miles of mapped tributaries.  It drains the southeast corner of 
the Olympic Mountains, including portions of Olympic National Park and Olympic National 
Forest.  Elevations of peaks along the watershed boundary range to over 6,000 feet, while 
most of the lower valley is below 100 feet in elevation.  The watershed consists of three 
major sub-basins: the North Fork, South Fork, and Vance Creek.  These systems do not 
merge until entering the lower Skokomish Valley and floodplain.  The North Fork originates 
in Olympic National Park and flows through Lake Cushman, where a substantial flow is 
diverted through a spillway to the City of Tacoma Power Generating Facility on Hood Canal.  
The remaining flow continues down the North Fork and is managed in accordance with 
existing agreements between Tacoma Power and other parties.  The South Fork also 
originates in Olympic National Park, but flows through a larger proportion of public and 
private commercial forest before entering the residential areas of the lower Skokomish 
Valley.  The North Fork and South Fork join to form the mainstem about 9 miles upstream of 
the river mouth.  Vance Creek flows through public and private commercial forest until 
reaching the South Fork less than 1 mile above the confluence with the North Fork. 
 
The Skokomish River has the largest estuary and intertidal delta in the Hood Canal Basin.  
The delta includes a broad estuarine wetland complex and also supports extensive submerged 
aquatic vegetation including eelgrass (Zostera sp.) beds.  The delta is considered critical for 
numerous species, including salmonids from Skokomish River and other lower Hood Canal 
systems such as the Tahuya River and Mission Creek.  The project area for this wetland 
inventory includes the entire lower river valley of the Skokomish, including the delta to the 
approximate limits of the photic zone (-30-feet MLLW).  This includes the entire mainstem 
from valley wall to valley wall as well as the lowest 4 miles of Vance Creek, the lowest 2 
miles of the South Fork, and the lowest 1.5 miles of the North Fork (see Figure 1) 
 

2.1 Land Use History 

The study area was occupied by native tribes and generally undeveloped until Euro-
American settlers began inhabiting the land in the 1840s.  At this time, the new settlers 
began to convert the tidal wetlands and floodplains to land suitable for farming and living.  
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Conversion of the land happened early and extensively leaving little evidence of conditions 
prior to settlement (Collins and Sheikh 2005).  When European settlers arrived, the land had 
not been logged and cultivated by farming by the indigenous people that lived there.  Most 
of the currently developed land in the study area is associated with farming and homes 
descending from the original European settlers.  Farming began with the earliest arrival of 
European immigrants in the early 1800s.  Farming took off in the late 1800s and early 1900s, 
and continues to dominate the land use in the area today (Wilma 2006).  Recently, dike 
breaching projects near the mouth of the Skokomish River have been used to restore 
agricultural lands to tidal marsh systems. 
 

2.1.1 Roads 

There are several main roads that extend throughout the study area.  State Route (SR) 101 
crosses the Skokomish floodplain about 4 miles upstream of the mouth and then follows the 
edge of the floodplain to the north continuing, out of the study area, up Hood Canal.  SR 106 
follows the east valley wall near the mouth of the river, then crosses the valley and merges 
with SR 101 near the Skokomish Tribal Center.  These are the only major traffic routes 
within the study area.  West Skokomish Valley Road runs east and west through the study 
area until it intersects SR 101.  North Skokomish Indian Flats Road runs from SR 101 east 
toward the delta of the Skokomish River and the Hood Canal.  There are numerous scattered 
smaller paved, gravel, or dirt roads throughout the study area.  Most of the paved roads are 
associated with residences and farms.  Many of the dirt roads are also associated with 
residences and farms, as well as with current and past forestry practices such as logging.  
 

2.1.2 Forest 

There are large tracts of evergreen forest surrounding the study area and approximately 1,140 
acres of evergreen forest stands within the study area.  Many of these forested areas are on 
the slopes above the valley floor.  The area adjacent to the active floodplain is scattered with 
scrub-shrub forest, defined by woody vegetation less than 6 meters (20 feet) high.  There are 
also areas of deciduous forest dominated mostly by big leaf maple (Acer macrophyllum) 
immediately adjacent to the active floodplain and scrub-shrub forest. 
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Logging in the watershed to clear space for farming and ranching began in the early 1800s.  
In the 1880s, the timber industry boomed and logging operations hit full stride when 
mechanical means were developed to assist in logging and transport.  The study area is now 
heavily deforested due to past logging demands (Wilma 2006).  Logging slowed in the 1980s 
when the Forest Service restricted timber harvesting to protect the northern spotted owl 
(Strix occidentalis caurina). 
 
Currently, the largest forest stands in the study area that are not in industrial timber 
production include lowland hardwood stands and protected watershed areas dominated by 
Douglas fir (Psuedotsuga menziesii) and Western hemlock (Tsuga heterophylla).  Also of 
note are several tracts of land in the floodplain and adjacent to it that are used for 
commercial Christmas tree farming. 
 

2.1.3 Land Cover Change 

Historical aerial photography analyses of the study area reveal noteworthy changes in land 
cover within the study area.  These changes are reported as observed from aerial imagery 
inspection and are not based on demographic or socioeconomic study.  The trend of clearing 
of forest lands has continued over the last 40 years.  In 1938, there were about 1,300 acres in 
non-forestry agriculture.  That number rose to as much as 2,000 acres from the 1960s 
through the 1980s.  The areas that have been deforested in the past several decades are 
largely associated with historical oxbows and other low–lying (and typically wetland) areas 
that may not have been suitable for farming without investment in drainage.  Other changes 
such as road building and new structures were relatively limited during this time. 
 
More recent (over the last 20 years) land cover changes are dominated by conversion from 
agriculture to other land cover.  These changes include the conversion of agricultural lands 
in the lowest portion of the valley back to estuarine marsh habitat by breaching dikes and 
restoring tidal hydrology to these lands.  There are also areas along the mainstem that have 
reverted from agriculture back to forest.  Presumably, many of these areas have become too 
wet to sustain crops.  Currently, there are about 1,640 acres of land used for non-forestry 
agriculture.  Other areas may simply be associated with new residential parcels that are not 
actively farmed.  There are significantly more structures now than in the 1938 imagery, 
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although the trend of increasing residential density appears not to have persisted through the 
most recent decades.   
 

2.1.4 Current Land Use 

Today, the study area contains scattered areas of medium- and high-intensity development.  
Most of this development is associated with farming and the floodplain is still farmed today.  
The highest density development in the study area is the Skokomish Tribal Center, which 
consists of a casino, office buildings, schools, and residences.  Development in this area 
covers approximately 130 acres. 
 
There are currently approximately 1,640 acres of agricultural lands in the study area.  Of 
these 1,640 acres, about 216 acres, or 13 percent, were identified as wetlands.  This estimate 
may be low due to the difficulty of identifying agricultural wetlands based on visual 
inspection.  Several agricultural fields not identified as wetland in this study showed 
evidence of standing water, but were not included as wetlands due to a lack of hydrophytic 
vegetation.  Weeds and other “volunteer” vegetation were typically used rather than planted 
crops in making this distinction.  
 
Another unique land cover in the lower Skokomish Valley is Christmas tree farms.  More 
than 50 acres of Christmas tree farms were identified.  This number includes all small trees 
planted in rows, but other areas had numerous small conifers that could be either young 
commercial forests or Christmas tree farms.   
 

2.2 Hydrology 

The South and the North forks of the Skokomish River flow into the study area and join 
together as the mainstem Skokomish River, which runs through the remainder of the study 
area to Hood Canal.  Kirkland, Weaver, and Purdy creeks as well as many smaller tributaries 
flow into the study area from the south to join the Skokomish River.  Vance Creek and Fir 
Creek flow from the north into the south fork of the Skokomish River in the study area 
before it joins the north fork.  Several unnamed tributaries also flow from the north into the 
study area and join the Skokomish River. 
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The Skokomish River Valley has experienced notable flooding, sedimentation, and erosion 
both in its alluvial valley and deltaic environment.  While there has been some lateral 
erosion in the upper valley that has been problematic for some landowners, the biggest 
problem has been the increased flooding in the lower valley.  This increased flooding appears 
to be related to aggradation in the main channel of the Skokomish River leading to a loss of 
conveyance for the largest annual flows (Bountry et al. 2009) and higher groundwater 
elevations.  River banks continue to be overtopped each year by smaller and smaller peak 
discharges, resulting in levee breaches, deep inundation of farmlands and roads, and flood 
damage to structures in the valley floor (Bountry et al. 2009).  Recent geologic evidence also 
suggests that the uncommonly high rate of channel aggradation and associated flooding in 
the lower valley could be attributed to tectonic activity (Polenz et al. 2010).  This is likely 
exacerbated by timber harvesting, particularly in the upper watershed of the South Fork, 
which has increased the supply of fine sediment washing down from the upper watershed 
and depositing in the floodplain and channel of the lower valley (Bountry et al. 2009). 
 
Solutions to date have come mostly from mechanical means such as the placement of levees 
to prevent channel avulsions and flooding in the bottomlands along the river and riprap or 
logs with cables to stabilize banks or lessen the rate of lateral migration.  

2.3 Climate and Groundwater 

Like many areas within the Puget Sound basin, the Skokomish River Valley has a mild 
climate.  The Puget Sound and Pacific Ocean influence prevailing winds and reduce periods 
of extreme heat and cold (Ness 1960).  Mean daily maximum temperatures range from just 
over 45° F in December through February to just over 75° F in August (WRCC 2006).  Mean 
daily minimum temperatures range from about 35° F from December through February to 
around 50° F in August (WRCC 2008).   
 
Annual precipitation in the Skokomish River Valley varies along the reach of the river.  In 
the northeast, annual average precipitation is approximately 65 inches.  In the temperate 
rainforests near the Olympic Mountains, annual precipitation exceeds 250 inches (WRCC 
2006; EnviroVision 2003; Golder 2002).  The wettest month of the year is December, and the 
driest month is July (WRCC 2008).  Snowfall in the Skokomish River Valley is typically well 
under 30 inches and stays on the ground for a relatively short period of time.  For example, 
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in the nearby city of Shelton, the average annual snowfall from 1931 to1999 was 9 inches 
(WRCC 2006).  The exception is near the headwaters of the Skokomish River in the Olympic 
Mountains, which experiences significant winter snowfall.  Though severe weather is rare, 
Puget Sound Region typically has relatively high humidity and has significant cloud cover.  
In the nearby city of Olympia, the average number of cloudy days is 228 (WRCC 2008).  
 
In the mountainous headwaters of the Skokomish River, the rocky terrain is characterized by 
sedimentary and basalt rocks with little groundwater storage capacity.  Runoff in these areas 
quickly follows precipitation.  In the coastal plain and lower floodplains and estuaries, 
alluvial and glacial sediments are the site of significant groundwater flow (EnviroVision 
2003). 
 

2.4 Habitat 

The lower Skokomish River Valley and the adjoining higher altitude forest lands provide 
habitat for a number of fish and wildlife species native to Western Washington.  Impacts to 
habitat from land uses such as forestry and agriculture have altered these habitats somewhat, 
but the area still maintains a diversity of species and habitats. 
 

2.4.1 Fish and Shellfish 

The Skokomish River watershed provides habitat for a variety of finfish and shellfish species.  
Depressed fall Chinook salmon (Oncorhynchus tshawytscha) populations can be found in 
Vance Creek and the Skokomish River. Healthy populations of coho salmon (Oncorhynchus 
kisutch) are found in the Skokomish River and most of its tributaries throughout the study 
area.  Fall chum (O. keta) can be found in several tributaries and sections of the Skokomish 
River in the fall.  Pink salmon (O. gorbuscha) inhabit Vance Creek, the Skokomish River, 
and most of the small tributaries that enter the study area.  The main fork of the Skokomish 
River hosts a population of summer steelhead (O. mykiss).  Depressed populations of winter 
steelhead can also be found in the Skokomish River and Vance Creek.  Resident cutthroat (O. 
clarkii) can also be found throughout the study area (see Figure 4) (WDFW 2010a, 2011). 
 
Lamprey (Petromyzon marinus) are commonly found in streams and tidal marsh areas of the 
Skokomish River.  Sculpin (Cottus confuses) can be found in the Skokomish River and in the 
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streams and tributaries in the Skokomish floodplain.  These species serve as important prey 
in the diet of larger fish such as trout and salmon. 
 
Small areas near in the tidal waters of the Hood Canal host hardshell clam (Mercenaria 
mercenaria), oyster (Crassostrea virginica) beds, and Dungeness crabs (Cancer magister).  
These areas provide free connections with salt water, bluffs, reach substrates, marshes, and 
eelgrass (WDFW 2010a). 
 

2.4.2 Wildlife 

The field investigation conducted as part of this study was not designed specifically to 
identify the fauna present in the lower Skokomish Valley.  It did, however, provide an 
opportunity to record wildlife sightings, tracks, or other wildlife sign encountered.  Most of 
the species encountered are relatively common in the Puget Lowlands and typically found in 
the habitats encountered.  The wildlife encountered included three species of amphibians, 12 
species of mammals, 34 species of birds, and one species of reptile.  A complete list of these 
species is included as Appendix B. 
 
The remainder of this section describes species commonly found in the habitats associated 
with the study area.  The following information about specific wildlife species is generally 
organized by the habitat types found within the river floodplain and nearshore ecosystems.  
The first section discusses species generally adapted to wide open areas and multiple habitats 
types within the study area.  Additional species and species groups are also discussed by 
habitat types found within the study area. 
 

2.4.2.1 Multiple Habitat Species (Forests, Freshwater, Marine) 

2.4.2.1.1 Bald Eagles 

Bald eagles (Haliaeetus leucocephalus) and their nesting areas can be found throughout the 
study area.  They typically select areas with low human disturbance, suitable forest structure, 
and plenty of prey.  They tend to nest along fishable waters because fish are a dominant 
source of food.  When trout and salmon are spawning, those fish make up a large portion of 
their diet.  Bald eagle nests have been identified along the Skokomish River and in some of 
the large wetland complexes (WDFW 2010a) (see Figure 5).  
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2.4.2.1.2 Ospreys 

The study area contains suitable osprey (Pandion haliaetus) habitat, which is always closely 
associated with bodies of water and a wide variety of fish for food.  Ospreys typically forage 
in wetland, tidal, and agricultural areas near water.  Nests are commonly found in dead or 
open-topped trees located close to the water.  The study area provides suitable osprey habitat 
year round.  An osprey nest has been observed south of the salt marsh near a power line on 
the Skokomish Delta (WDFW 2010; USFWS 2000). 
 

2.4.2.1.3 Great Blue Herons 

Great blue herons (Ardea herodias) inhabit sheltered, shallow bays and inlets, sloughs, 
marshes, wet meadows, shores, and rivers with nearby foraging areas.  The study area 
provides a variety of habitats for these birds.  When feeding, they are usually found in slow-
moving or calm salt, fresh, and brackish water.  The marine shoreline habitat of the study 
area provides habitat for great blue herons.  Great blue herons usually nest in trees or bushes 
that stand in or near water (Seattle Audubon Society 2008).  Their nests have been 
documented in the saltwater marsh area of the project near the Hood Canal.  In 2003, 29 
nests were reported (WDFW 2011). 
 

2.4.2.1.4 Wood Ducks 

The study area offers a diversity of habitats that wood ducks (Aix sponsa) use to meet their 
food and nesting needs, including moist-soil emergent wetlands, forested wetlands, coastal 
marshes with beds of submerged aquatic vegetation, and flooded agricultural fields.  Wood 
ducks are secondary cavity nesters and require medium to large snags within riparian areas 
for nesting and roosting. 
 

2.4.2.2 Nearshore and Marine Shoreline Species (Includes Estuary Species) 

2.4.2.2.1 Harbor Seals 

Harbor seals (Phoca vitulina) use specific shoreline areas on a regular basis to haul-out of the 
water and rest.  These resting areas are called seal haul-outs and include: beaches, rocky 
areas, log booms, and floats.  Some haul-outs are used regularly, while others may be used 
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seasonally or occasionally.  Time spent on the haul-outs is essential for seals’ survival as they 
rest, dry out, interact, and regulate their body temperatures.  In addition to resting, harbor 
seals give birth to and nurse their pups on the haul-outs, and undergo an annual molt of their 
pelage or fur (WDFW 2011). 
 

2.4.2.2.2 Shorebirds 

The estuary at the mouth of the Skokomish River creates wetland habitat for shorebirds that 

are routinely found in the nearshore and marine shoreline areas of the study area.  The 

estuary provides prime food such as crustaceans, mollusks, marine worms, insects, and 

invertebrates.  Shorebird nests are often placed on open areas such as gravel beaches, and 

stony stream banks (Ecology 2011).  

 

2.4.2.2.3 Mixed Waterfowl 

The nearshore and estuaries provide overwintering habitats that consist of roosting and 
foraging areas for waterfowl.  Roosting areas include large bodies of water that provide 
secure places to loaf, sleep, and forage.  Foraging areas include wetlands, tidal marshes, 
nearshore waters, and occasional agricultural fields.  Waterfowl rely on a diverse diet of 
submerged aquatic vegetation, terrestrial vegetation, benthic organisms, fish, and other food 
sources during the winter.  
 

2.4.2.3 Forested, Floodplain Vegetation, Stream Islands Species 

2.4.2.3.1 Cascades Frog 

The forested floodplain within the project site is suitable habitat for the cascade frog (Rana 
cascadae).  Cascade frogs inhabit wet areas in open coniferous forests that include small 
streams and pools.  Eggs are laid in the shallow open areas along the banks of the Skokomish 
River.  Tadpoles are bottom feeders that prefer muddy or silty substrates and shallow water 
(WDNR 2009). 
 

2.4.2.3.2 Band-tailed Pigeon 

The wet coniferous forests along the Skokomish floodplain host a population of band-tailed 
pigeons (Columba fasciata).  These pigeons are vegetarian, with most of their diet consisting 
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of grain seeds, wild and domestic fruits, acorns, pine nuts and buds, and flowers of trees and 
shrubs.  Band-tailed pigeons prefer open sites along the forest edges.  Their nests are usually 
located in trees 15 to 40 feet off the ground (Cornell Lab of Ornithology 2009a). 
 

2.4.2.3.3 Wintering Elk 

Meadow and forested land in the study area provides important wintering areas for elk 
(Cervus elaphus).  When vegetation at higher elevations becomes covered in snow, elk 
migrate into the study area.  The vegetation in the lowland areas of the floodplain provides 
grasses, sprouts, and branches from shrubs and trees for elk to eat (WDFW 2010) 
 

2.4.2.3.4 Harlequin Ducks 

The forested areas along the Skokomish River provide suitable breeding areas for the 
harlequin duck (Histrionicus histrionicus).  These ducks prefer fast-moving streams and the 
gravelly banks for foraging on insects, fish, and marine invertebrates and the gravelly banks 
for their breeding areas (Cornell Lab of Ornithology 2009b).  
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3 TOPOGRAPHY AND SOILS 

This section includes a review of existing information related to the topographic and soil 
conditions of the lower Skokomish Valley.  These conditions are related to resources that 
contribute to wetland formation, loss, and habitat quality. 
 

3.1 Geologic and Geomorphic History 

The Skokomish River Valley is located at the southeastern end of the Olympic Peninsula 
near the southernmost extent of the Hood Canal.  The Skokomish River flows east from its 
headwaters in the Olympic Mountains and descends through steep gorges and cascading 
pools to the Skokomish Valley, which occupies the lowermost 10 miles of the Skokomish 
drainage.  The Skokomish River Valley is situated in between the Olympic Mountains and 
the Puget Lowlands.  The Skokomish River Valley was carved by ice and subglacial fluvial 
erosion during the Last Glacial Maximum when the continental ice sheet had advanced south 
and westward into the headwaters of the Skokomish River Valley (Bountry et al. 2009). 
 
The surficial geology of the Skokomish Valley is generally dominated by relatively recent 
(Holocene to recent Pleistocene) glacial alluvium.  This material has accumulated to depths 
of about 70 feet over the past 8,500 years.  This is interrupted by a feature first identified by 
Brian Collins (Hageruud 2006) and later described by Polenz et al. (2010) as the lucky dog 
berm.  The landform consists of a gentle berm that trends roughly northwest to southeast 
approximately 1.5 miles inland from Hood Canal, resulting from a minor anticline associated 
with a thrust fault.  The topographic crest of the landform lies adjacent to a southwest-facing 
escarpment and decreases in elevation from 35 feet at its northwest end to 15 feet at its 
southeast end, where it either plunges beneath or is truncated by the modern Skokomish 
Channel.  Above (southwest of) the lucky dog berm lies a Holocene peat deposit about 1 mile 
long and 1.5 miles across (the width of the valley).  Below (northeast of) the lucky dog 
structure the area around the active channel is dominated by alluvial marsh sediments.  
These sediments extend all the way to the tideflats, which are generally finer grained.  
Farther from the currently active channel (the northwest side of the valley’s mouth), the 
lucky dog anticline exposes older alluvium.  This is replaced by a second peat outcrop closer 
to the current shore of Hood Canal that is bounded on the canal side by older beach deposits.  
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Recent and older marsh deposits exist between the older beach deposits and the current 
shoreline beach deposits. 
 
The surficial geology of the slopes above the valley floor contains a mix of glacial deposits 
from the Vashon Stade of the Fraser glaciation with some outcrops of pre-Fraser deposits.  
The slopes above the valley also exhibit evidence of Holocene landslide and mass wasting, 
these are particularly apparent on bare earth LiDAR shaded relief images (see Figure 6).  
Polenz et al. (2010) note that the base of the Vashon advanced outwash is commonly 
associated with productive springs.  This formation is exposed in many locations along the 
valley walls.  Much of the higher terrace above the valley walls is comprised of lodgment till 
from the Vashon glaciation. 
 

3.2 Soils 

Soils in the lower third of the study area at the mouth of the Hood Canal consist of gravelly 
loam, silt loam, peat, and peat overlaid by shallow gravel (see Figure 3).  At the delta of the 
Hood Canal and the Skokomish River there is a band of soils consisting of tidal marsh, 
Mukilteo peat, and Tacoma peat.  The next soil layer going inland from the canal consists of 
Pilchuck gravelly loamy sand, Skokomish silt loam, and grove gravelly loam.  The next band 
consists of Dungeness fine sandy loam, grove gravelly sandy loam, and Indianola loamy sand.  
The top of the lower third of the study area consists of Puget silt loam, Orcas peat, Mukilteo 
peat, and Skokomish silt loam.  From there the top two thirds of the study area are 
dominated by Dungeness silt loam and Dungeness fine sandy loam with Puget silt loam, 
Shelton gravelly loam, and Pilchuck loamy sand scattered throughout.  There is a band of 
Hoodsport gravelly loam that enters the study area adjacent to the North Skokomish River 
and stretches along the northern edge of the study area to the east and west.  Along the 
South Skokomish River and the Skokomish River there is a band of riverwash on both sides 
for the entire length of the upstream (western) two thirds of the study area.  Most of these 
soil types are poorly drained except for gravelly loam, which is excessively well drained.  All 
these soils are hydric.  The upstream two thirds of the study area consist mostly of fine sandy 
loam and silt loam.  Both of these soils are moderately well drained and not hydric.  There is 
an area of riverwash adjacent to the channel of the Skokomish River to the Hood Canal; it is 
excessively drained and hydric (NRCS 2010). 
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Hydric soils are those soils that are sufficiently wet in the upper part to develop anaerobic 
conditions during the growing season (NRCS 2010).  Tidal marsh areas are water saturated, 
very poorly drained, and intermittently or permanently covered by water.  Peat materials are 
unconsolidated and largely undecomposed organic matter that has accumulated under excess 
moisture.  Gravelly soil material has 15 to 35 percent rounded or angular rock fragments that 
are not prominently flattened.  Loamy soils are 7 to 27 percent clay particles, 28 to 50 
percent silt particles, and less than 52 percent sand particles.  Sandy material is individual 
rock or mineral fragments from 0.05 to 2.0 millimeters in diameter that makes up 85 percent 
or more of the soil’s composition and is not more than 10 percent clay.  Silt is material that is 
80 percent or more individual mineral particles that range in diameter from 0.002 to 0.05 
millimeter (NRCS 2010).  All of these classified soil types are hydric soils.  
 
Soil series identified within the study area that are typically hydric include: Mukilteo, Orcas, 
Puget, Riverwash, Skokomish, Tacoma, and Tidal Marsh.  Series that are not commonly 
associated with hydric conditions include: Alderwood, Dungeness, Everett, Grove, 
Hoodsport, Indianola, Rough Mountainous Lands, and Shelton.  The Pilchuck series contains 
both hydric and non-hydric soils.  
 
The following descriptions of the soil series identified within the study area are excerpted 
from the most recent soil survey conducted by the Soil Conservation Service (1960) and 
updated by the Natural Resource Conservation Service (NRCS 2010).  The following table 
lists the soils series mapped within the study area. 
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Table 1 

Mapped Soil Series in the Study Area 

Non-Hydric Soils Area in Acres Hydric Soils Area in Acres 

Alderwood Group 36 Mukilteo Group 30 

Dungeness Group 257 Orcas Group 7 

Everett Group 2 Pilchuck Group 31 

Grove Group 59 Puget Group1 57 

Hoodsport Group 52 Skokomish Group 84 

Indianola Group 8 Tacoma Group 25 

Lystair Group <1 Tidal Marsh2 22 

Pilchuck Group1 32   

Shelton Group 40   

Riverwash 48   

Total Acreage 534 Total Acreage 256 

Notes: 
1: The Pilchuck Group contains both hydric and non-hydric soils. 
2: Does not include intertidal and subtidal portions of the study area. 

 
 

3.2.1 The Mukilteo Series 

The Mukilteo series consists of deep, very poorly drained soils formed in deep organic 
deposits.  Mukilteo soils are mainly in depressional areas on glacial uplands, while some are 
in river valleys with slopes between 0 and 2 percent.  The organic material in which this soil 
formed ranges in thickness from 52 inches to more than 10 feet.  These soils are usually 
saturated with water and are strongly acid or very strongly acid.  Fibers within the soils are 
mostly sedge and moss (NRCS 2010). 
 

3.2.2 The Tacoma Series 

The Tacoma series consists of very deep, very poorly drained soils formed in alluvium on 
tidal flats, floodplains, and deltas with slopes between 0 and 2 percent.  These soils are 
saturated with water and have a water table near the surface during the winter months and 
wet periods throughout the year unless they have been artificially drained.  The soil is more 
than 60 inches deep, but rooting depth, other than hydrophytes, is limited by the water 
table.  Some pedons have layers of muck 1 to 4 inches thick with a cumulative total of less 
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than 16 inches.  The weighted organic carbon content is less than 12 percent in the control 
section.  The particle-size control section has 10 to 18 percent clay by weighted average.  
Below the Ap horizon, reaction is extremely acid to strongly acid throughout (NRCS 2010). 
 

3.2.3 The Pilchuck Series 

The Pilchuck series consists of very deep, excessively drained, and somewhat excessively 
drained soils that formed in gravelly and sandy alluvium.  Pilchuck soils are on floodplains 
with slopes between 0 and 8 percent (NRCS 2010). 
 

3.2.4 The Skokomish Series 

The Skokomish series consists of very deep, poorly drained soils formed in alluvium on 
floodplains with slopes between 0 and 3 percent.  These are the Grove soils and the 
Dungeness Variant soils.  Grove soils are on terraces and are well drained and sandy-skeletal.  
Dungeness Variant soils have a udic moisture regime and are moderately well drained (NRCS 
2010). 
 

3.2.5 The Grove Series  

The Grove series consists of deep, somewhat excessively drained soils formed in glacial 
outwash.  Grove soils are on terraces and terrace escarpments at elevations of near sea level 
to 500 feet with slopes between 0 and 50 percent.  Coarse fragments, dominantly pebbles, in 
the particle-size control section range from 55 to 75 percent by volume (USDA 2010).  The 
soil ranges from strongly acid to moderately acid.  Some pedons have a thin A horizon 
(NRCS 2010). 
 

3.2.6 The Indianola Series  

The Indianola series consists of very deep, somewhat excessively drained soils formed in 
sandy glacial drift.  Indianola soils are on hills, terraces, terrace escarpments, eskers, and 
kames of drift or outwash plains at elevations of near sea level to 1,000 feet with slopes 
between 0 and 70 percent.  Depths to diagnostic horizons and features start from the mineral 
soil surface (NRCS 2010). 
 

https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GROVE.html�
https://soilseries.sc.egov.usda.gov/OSD_Docs/D/DUNGENESS.html�


 
 
  Topography and Soils 

Wetland Inventory and Evaluation for the Skokomish Basin July 2011 
Skokomish General Investigation 18 080202-01.12 

3.2.7 The Orcas Series  

The Orcas series consists of very deep, very poorly drained organic soils formed from 
sphagnum moss.  Orcas soils occupy depressions on the glacial drift plains and have slopes 
between 0 and 2 percent.  Orcas soils are in depressions on glacial outwash plains at 
elevations between 0 and 1,000 feet.  The soils formed in sphagnum moss with some 
herbaceous plants.  The water table is near the surface most of the year (NRCS 2010). 
 

3.2.8 The Puget Series  

The Puget series consists of very deep, poorly drained soils that formed in recent alluvium on 
floodplains and low river terraces with slopes between 0 and 3 percent.  The particle-size 
control section lacks coarse fragments, has less than l5 percent fine and coarser sand, and has 
l8 to 35 percent clay (NRCS 2010). 
 

3.2.9 The Shelton Series 

The Shelton series consists of moderately deep, moderately well-drained soils that formed in 
glacial till.  Shelton soils are on undulating to rolling glacial moraines.  Depth to the Csim 
horizon ranges between 20 and 40 inches.  Rock fragments in the control section exceed 40 
percent and average less than 75 percent (NRCS 2010). 
 

3.2.10  The Hoodsport Series  

The Hoodsport series consists of moderately well-drained, moderately deep soils formed in 
glacial till on plains and foothills from sea level to 500 feet.  These soils are usually moist, but 
they are dry in some parts between 8 and 24 inches for 45 to 60 cumulative days.  The 
particle-size control section averages more than 50 percent coarse fragments.  The soil ranges 
from moderately acid to very strongly acid.  Depth to the strongly cemented till ranges 
between 20 and 40 inches (NRCS 2010). 
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4 METHODS 

The wetland analysis was conducted in two phases.  First, a GIS-based heads-up digitizing 

effort was used to identify potential wetland habitats based on 1-foot resolution, ortho-

rectified color + infrared imagery acquired on April 23, 2011, that covered the entire study 

area.  The second phase consisted of field verification and adjustment of wetland habitats and 

boundaries using printed maps (1-inch: 500-foot).  Field verification efforts relied heavily on 

vegetation community assessments and visual hydrology indicators.  In general, soils were 

not investigated or typed.  

 

4.1 GIS‐Based Interpretation Methods 

Several data sources were used to facilitate the heads-up digitizing of wetland habitats using 

ArcGIS 10.0 desktop software.  These data sources included topography, imagery, and 

hydrology.  Personnel performing the digitizing had training, skills, and experience in GIS 

imagery interpretation and wetland delineation. 

 

Topographic information was in the form of contours and two versions of a hillshade created 

from a terrain dataset (Cagney 2010).  This terrain dataset was derived based on 1994 

photogrammetric Contours (Walker and Associates 1994).  LiDAR bare earth points from 

2001 (Polenz et al. 2010) and top-of-bank to top–of-bank cross section surveys conducted by 

the Corps in October 2007.  This terrain was also analyzed to define closed depressions 

(sinks) and to display areas of extremely low slope. 

 

Imagery was displayed in several variations, including true color (RGB) and color infrared 

(iRGB).  Color infrared was the most commonly used, followed by true color.  In some cases, 

neither imagery set provided adequate differentiation between wetland and upland habitats 

and a project-specific variation on standard vegetation index techniques was used.   

 

Typically, the normalized difference vegetation index (NDVI) is calculated based on the 

following formula (PSLC and TerraPoint 2002): 
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The Transformed Vegetation Index (TVI) is calculated based on the following formula (PSLC 

and Terrapoint 2002): 

0.5
/

100 

 

Neither of these methods provided optimal differentiation of wetland and upland habitats for 

use in this assessment.  A modified vegetation index (MVI) was adapted for use on the 

project.  That VI was calculated based on the following formula: 

 

log
256

 

 

This VI provided better differentiation of the wetness of areas than those vegetation indices 

mentioned above.  The results of this analysis were used in conjunction with green and blue 

or infrared and green for display purposes. 

 

Other useful, but lower resolution, imagery was also employed to provide recent site history 

and show seasonal change.  This imagery came from a variety of sources including NAIP 

2006 and 2009, Google Earth, and Esri. 

 

Hydrology information was obtained from the terrain data set for the mainstem and 

SalmonScape (WDFW 2010b) for smaller tributaries. 

 

GIS analysts were trained to identify the spectral signatures of confirmed wetland and 

upland habitats that were documented during a preliminary reconnaissance of the study area.  

Where spectral signatures were not conclusive in defining the boundary between upland and 

wetland habitats, topographic cues were used.  Available hydrology information was 
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somewhat outdated and served primarily to identify riverine wetland habitats not associated 
with the mainstem river. 
 
Initial wetland classification was also completed during this phase.  This included 
identification of the wetland system and sub-system and, where possible, the class (Cowardin 
et. al. 1979).  In several cases, the appropriate wetland class could not be definitively 
determined using only remotely sensed data, and multiple classes were ascribed to the 
habitats for the field maps (e.g., forested, scrub-shrub).  The results of the initial digitizing 
effort were reviewed by senior staff twice and updated each time prior to creating field maps 
for the second phase of the analysis.   
 

4.2 Field Based Interpretation Methods 

Field crews used to verify on-the-ground wetland conditions were staffed by two persons, at 
least one of whom was a senior wetland scientist with 10 or more years of wetland 
delineation and habitat assessment experience.  The crews were equipped with 1 inch:500 
foot (1:6,000 inch) scale color and color infrared maps showing the results of the GIS-based 
analysis.  GPS was initially used to locate wetland habitat boundaries, but crews found that 
they could accurately locate locations on the paper maps without significant difficulty, due 
to the quality of the imagery.   
 
To perform the floodplain investigation, Anchor QEA biologists identified and documented 
vegetation communities and habitats within the study area by reviewing existing 
information, performing an aerial photograph analysis, and conducting reconnaissance-level 
site visits in April, June, and July, 2011.  Because the study area is a very large geographic 
area with a variety of land uses, parcel sizes, and property ownerships, access within the 
study area ranged from accessible to no access.  Rights of entry to private properties were 
coordinated and obtained through Mason Conservation District and Mason County.  Access 
to large land holdings and key areas of interest were prioritized to maximize the efficiency of 
the field effort.  Property access was granted by some land owners and denied by others.  
Physical features such as topography, vegetation density, and waterbodies such as streams 
and drainages also played a significant role in the ability to traverse parcels within the study 
area.   
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Information regarding dominant vegetation communities and habitats in the study area was 
documented through visual observations (sometimes with binoculars) while walking within 
parcels or sections of parcels and along public roads.  Because a thorough assessment of the 
entire study area was not practical nor met the goals of the investigation, observations were 
made while traversing segments of the study and used to both make broad assumptions of 
large segments of habitat within the study area and compare field observations with the 
aerial photo analysis.  For example, an investigation of a parcel that is 200 feet wide and 
1,500 feet long would typically include traversing the 200-foot width to identify habitats, 
walking a few hundred feet in a perpendicular direction, and then returning to the starting 
location.  Under this approach, vegetation and habitat conditions within parcels could be 
documented without a more time-consuming process of surveying entire parcels.  While this 
approach allowed for covering large areas within the study area, there is also the possibility 
that small wetland or upland areas within the study area may have been misidentified.       
 
Preliminary habitat polygons were identified during the investigation based on air photo 
analysis and corresponded to easily observable variations in the vegetation communities.  
These analysis segments were outlined on aerial photographs in the field as habitat polygons.  
Information, such as vegetation communities and hydrology features, was collected within 
the individual polygons.  Data collection measures, such as digging sample plots to identify 
soil characteristics, were not performed, and wetland boundaries were not flagged or 
surveyed.  Additional analysis typically performed as part of the wetland delineation process, 
such as wetland ratings and wetland functions and values assessments, were also not 
performed as part of this investigation.  All wildlife species, tracks, and signs observed during 
the site visits were documented.  All observations were qualitative in nature; no quantitative 
wildlife surveys were performed.  Photographs were also taken to document vegetation and 
habitat conditions of the study area.   
 
Both wetland and upland habitat units have been identified for this analysis, although the 
upland habitats represent only a subset of all upland areas, whereas the wetland areas 
identified are intended to be as complete as possible and include all wetlands in the study 
area.  A few areas dominated by upland forested also contained small forested or emergent, 
depressional wetlands (typically less than 1,000 square feet) that were too indistinct too 
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identify from the imagery, and too numerous to identify in the field.  These are identified in 
the upland habitat unit dataset as upland/palustrine forested wetland (PFO).  The upland 
habitats identified in the field were useful as a reference when comparing upland and 
wetland areas of very similar spectral signature during in-office assessment and quality 
assurance review.   
 
Wetland community types are also discussed, according to the USFWS classification 
developed by Cowardin et al. (1979) for use in the NWI.  Wetland community types found 
during this investigation were as follows: 

• Palustrine forested (PFO) – These wetlands have at least 30 percent cover of woody 
vegetation that is more than 20 feet high. 

• Palustrine scrub-shrub (PSS) – These wetlands have at least 30 percent cover of 
woody vegetation that is less than 20 feet high. 

• Palustrine emergent (PEM) – These wetlands have erect, rooted, herbaceous 
vegetation present for most of the growing season in most years. 

• Palustrine open water (POW) – These wetlands are characterized by open water, such 
as ponds. 

 
Confidence levels in the polygons established during the site visits and aerial photo analysis 
have also been identified as part of this investigation to provide a measure of confidence in 
the habitat assessment.  Polygons that were verified with full access in the field are given a 
high confidence, while areas with limited or no access, or that relied heavily on aerial photo 
interpretation, are given a less confident or low ranking.  Table 1 provides definitions of the 
confidence rankings.   
 
Wherever possible, vegetation communities were identified in the field for a large subset of 
the wetland habitats as well as studied upland areas.  The dominant vegetation for these areas 
was recorded and included in Appendix A.  Additional vegetation species identified are 
included in Appendix A.  Wildlife observations were also made during the field effort and 
are included in Appendix B.  These were not attributed to specific habitats, and were not 
evaluated for frequency. 
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Following the site visits, updates to the GIS methodology were made based on information 
identified in the field.  Habitat units (representing both upland and wetland habitats) were 
defined by polygons, with each identified polygon representing a specific vegetation 
community or other distinguishing features.  For this investigation, habitat units were 
identified using a tiered classification system to differentiate the variety of vegetation 
communities within the study area.  Habitat units at the first level are identified as upland 
(Up) or wetland (W) habitats.  The second level is based on forest (1), scrub-shrub or shrub 
(2), or emergent or grass/herbaceous (3) cover.  The third and final level is given a letter 
designation (e.g., a, b, c) based on a distinctive characteristic, typically associated with the 
dominant vegetation community.  For example, upland riparian forest dominated by big leaf 
maple is identified as habitat unit Up1a and a riparian emergent wetland system dominated 
by black cottonwood (Populus trichocarpa) in a mosaic with emergent and scrub-shrub 
species is identified as W3a.  Table 1 provides a list of all habitat units identified during the 
investigation.       
 

Table 2 

Habitat Unit Definitions 

Habitat 
Unit Wetland/Upland Category Sub-Category and Species Codes1 

Up1a Upland Forest Deciduous Riparian 
Big leaf maple (Acer macrophyllum, ACMA) 

dominant 

Up1b Upland Forest Deciduous Riparian 

Red alder (Alnus rubra, ALRU) and black 
cottonwood (Populus balsmifera, POBA) 

dominant.  Some small patches dominated by 
slough sedge (Carex obnupta, CAOB) 

Up1c Upland 
Forest Riparian 

Coniferous 

Big leaf maple(Acer macrophyllum, ACMA) and 
Douglas fir (Psuedotsuga menziesii, PSME) 

dominant 

Up1d Upland Forest Coniferous 
Coniferous dominant with Douglas fir 

(Psuedotsuga menziesii, PSME) and Western red 
cedar (Thuja plicata, THPL) 

Up1e Upland Forest Coniferous Recent clear cut 

Up1f Upland Fill prism 
Placed fill prisms in estuary, for road use and 

remnant diking for agricultural practices 

Up2a Upland Forest Tree Farm 
Douglas fir (Psuedotsuga menziesii, PSME) tree 

farms, variable heights/age classes 

Up3a Upland Grassland Meadow buttercup (Ranunculus acris, RAAC) 
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Habitat 
Unit Wetland/Upland Category Sub-Category and Species Codes1 

dominant with grasses, appears to be upland 

Up3b Upland Grassland Grass species, unmowed, greater than 2 feet tall 

Up3c Upland Grassland Livestock activity, grazed, mosaic with bare ground 

W1a Wetland PFO Riparian Mosaic with PSS and PEM 

W2a Wetland PSS Riparian Mosaic with PFO and PEM 

W3a Wetland PEM Riparian Mosaic with PFO and PSS 

W3b Wetland PEM Grassland 
Common rush (Juncus effuse, JUEF) and meadow 

buttercup (Ranunculus acris, RAAC) dominant with 
grasses, appears to be a wetland/upland mosaic 

W3c Wetland PEM Grassland 
Common rush (Juncus effuse, JUEF) dominant with 
grasses, appears dominant wetland with possible 

upland patches 

W3d Wetland PEM Salt Tolerant Estuary salt marsh 

W4a Wetland POW Open water 

Notes: 
1 Species codes (e.g., ACMA, ALRU, etc.) correspond to those used in Appendix A. 

 
 
Following the field investigation, all identified habitat boundaries were reviewed and 
updated as necessary in the GIS dataset and then rechecked by both members of the field 
crew responsible for the particular area.  The upland and wetland polygons were split into 
two separate datasets and are provided as attachments to this report. 
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5 ANALYSIS RESULTS AND INTERPRETATION 

This analysis resulted in the mapping of 231 individual wetland habitat polygons covering 

4,553 acres within the study area and an additional 995 acres of subtidal wetland in the 

Skokomish river delta that are outside of the Corps’ study area.  This compares to 165 

identified polygons covering 3,558 acres in the NWI, and 260 polygons covering 4,790 acres 

in the historical wetland inventory assessment.  The following graph shows the relative 

amount of wetland in each inventory based on wetland system and sub-system. 

 

 

Note: This graph is based on the USACE provided project boundary, which does not include the entire subtidal 
portion of this study.  Actual acreage of Estuarine wetland mapped by Anchor QEA 2011 is 2,200 acres. 

 

 

5.1 Results 

Upstream of the SR 101 crossing, wetlands are concentrated along the active channels of the 

Skokomish River and existing oxbows and side channels.  Other wetlands associated with 
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springs flow from near the base of the valley walls.  A few small wetlands appear to be 
associated with relic channels in the Skokomish floodplain. 
 
Downstream of the SR 101 crossing, wetlands dominate the valley floor from valley wall to 
valley wall except in the immediate area of the Skokomish Tribal Center.  These wetlands are 
primarily PSS wetlands with areas of PFO and emergent mitigation.  At the mouth of the 
river these are replaced by estuarine wetlands and unvegetated tidal flats. 
 

5.1.1 Wetland Classification 

Wetland habitats were classified based on the system described in Classification of Wetlands 
and Deepwater Habitats of the United States (Cowardin et. al. 1979).  This system employs a 
hierarchical system of classification that is summarized as it applies to the study area below. 
 

5.1.1.1 Estuarine Systems 

Estuarine wetlands are found in the area where the Skokomish River enters the Puget Sound 
(see Figure 7).  Analysis of historical maps by Collins and Sheikh (2005) indicate that up to 75 
percent of estuarine wetlands were dominated by emergent vegetation.  Estuarine scrub-
shrub wetlands making up about 13 percent of the complex as compared to current wetland 
maps showing no scrub-shrub wetlands in the complex (Collins and Sheikh 2005).  Recent 
projects have been initiated to breach dikes around islands in the lower estuary to restore 
tidal indentation of historic salt marsh areas.  These breached areas make up the majority of 
the PSS wetlands in the estuary. 
 
Estuarine systems are further subdivided as subtidal (generally below MLLW) and intertidal 
(generally above MLLW and influenced by salinity from Hood Canal).  Subtidal habitats 
were not further interpreted to class or community in this project, but were mapped by 
Garono et al. 2004).  Intertidal habitats were mapped by wetland class based on imagery and 
very limited field verification due to access issues. 
 
Field investigation to determine the extent of eelgrass in the subtidal estuary was conducted.  
Eelgrass beds were specifically identified due to their unique habitat value.  Eelgrass co-
occurs with many small vertebrate and invertebrate organisms that provide prey for larger 
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species, including juvenile salmon who use the area heavily during their outmigration.  
Eelgrass beds also provide protective cover for migrating salmon, other fish, and many other 
kinds of marine life.  Additionally, eelgrass supplies organic material to nearshore areas, and 
its roots stabilize sediments. 
 
This investigation involved walking at approximately MLLW and identifying area waterward 
where eelgrass was present in large meadows or patches.  It was assumed for mapping 
purposes that these eelgrass meadows extended to deeper water between -10 feet and -30 feet 
MLLW.  The shallow estuary of the Skokomish River ends abruptly where the deltaic shelf 
gives way to the depth (greater than 200 feet) of Hood Canal.  
 

5.1.2 Palustrine Systems 

Palustrine wetlands include non-tidal wetlands dominated by trees, shrubs, persistent 
emergents, emergent mosses or lichens, and all such wetlands that occur in tidal areas where 
salinity due to ocean-derived salts is below 0.5 parts per thousand.  Palustrine wetlands 
dominate the bottom two thirds of the study area (see Figure 7).  These wetlands exist across 
the entire valley floor in the lower reaches of the valley and are associated with old oxbows 
and other depressions farther upstream.  They are also commonly associated with springs 
along the valley walls and the valley floor at the toe of slope. 
 
Palustrine wetlands within the study area were further subdivided by wetland class.  PSS 
wetlands were the most commonly found class in the study area.  PSS wetlands included 
some large marshes including the 800–plus-acre system that is located just upstream of the 
Lucky Dog Fault and SR 101.  This depressional system also contains open water, emergent, 
and forested components.  Common vegetation includes various species of willows (e.g., Salix 
lasiandra, Salix scouleriana) and large areas of Douglas spirea (Spirea douglasii).  Lower, 
wetter areas contained cattail (Typha latifolia) and emergent gramminoids (e.g., Scirpus sp., 
Juncus sp.).  Other PSS wetlands in the study area are a mix of depressional, riverine, and 
slope wetlands with an overall average size of 20 acres. 
 
PFO wetlands are widely distributed across much of the study area.  They are commonly 
associated with the riparian corridor of the mainstem and Vance Creek, and are also common 
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near the valley walls where seeps fed wetlands are common.  The most common tree species 
found in the study area was red alder (Alnus rubra), which was commonly associated with 
black cottonwood and Western red cedar (Thuja picata).  Common understory species in 
forested wetlands include willows (e.g., Salix lasiandra, Salix scouleriana.), red-osier 
dogwood (Cornus stolonifera), and reed canarygrass (Phalaris arundinacea). 
 
PEM wetlands were typically found in the center of the study area, upstream of the larger 
palustrine scrub-shrub complexes.  These wetlands were commonly depressional or slope 
wetlands and located away from any active channels.  Many PEM wetlands were associated 
with agricultural lands and often were associated with relic channels and other minor 
depressions in the landscape.  The most common species encountered in PEM were reed 
canarygrass, slough sedge (Carex obnupta), soft rush (Juncus effusus), and colonial bentgrass 
(Agrostis capillaris). 
 
The least common palustrine class of wetlands encountered was POW; these were typically 
oxbow wetlands that no longer had a continuous connection to a stream but maintained a 
water depth sufficiently deep to prevent the dominance of emergent vegetation.  All POW 
wetlands analyzed were depressional and largely unvegetated in the spring of 2011.  Floating 
aquatic vegetation (e.g., duckweed [Leman minor]) may appear later in the season.  Along 
the margins, emergent vegetation adapted to continuous inundation, such as cattail, was 
encountered. 
 

5.1.3 Riverine Systems 

Riverine wetlands in the Cowardin classification schema are limited to those wetlands 
associated with the channel of the Skokomish River and its tributaries within the study area 
(see Figure 7).  Historical maps show the area consisting of nearly 13 percent riverine tidal 
wetlands.  Current maps show that the area of riverine tidal wetlands has grown to 25 
percent (Collins and Sheikh 2005).  Riverine wetlands mapped in this effort totaled 
approximately 450 acres, including 100 acres with tidal influence and 350 acres of lower 
perennial streams, although the range of tidal influence was estimated for this effort.  These 
riverine wetlands are all associated with unconsolidated bottom (active channel) in the 
mainstem Skokomish River and associated minor channels.   
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In contrast to riverine wetlands in the Cowardin classification system, this study identified 
wetlands riverine wetlands under the hydrogeomorphic classification (HGM) system 
(Brinson 1993).  Eighty-six acres of PFO and PSS wetland were identified as most closely 
associated with riverine hydrology.  These wetlands are predominantly associated with the 
riparian corridors of the lower South Fork Skokomish River and Vance Creek and the 
mainstem Skokomish River upstream of SR 101.  A review of recent aerial photography from 
the last four decades indicates a trend of increasing wetland area on either side of the active 
channel associated with riverine hydrology.  Lateral migration of channels has also produced 
wetland areas associated with side channels, and other riverine features (e.g., bars, deltas, and 
oxbows) during this period.   
 

5.1.4 Comparison to Earlier Inventories 

The results of this investigation (see Figure 8) were compared to the historical wetland 
inventory described previously (see Figure 9) and the NWI (see Figure 10) (USFWS 2011) 
 

5.1.4.1 Comparison to 1884 Mapping and 1938 Imagery 

Analysis of historical maps by Collins and Sheikh (2005) was supplemented by digitization of 
identifiable wetland areas on 1938 aerial images as part of this study to create a wetland map 
based on the earliest available data.  In the upper portion of the study area, Vance Creek and 
the North and South forks of the Skokomish River all follow markedly different alignments 
than they do presently.  The confluence of all three tributaries is near the present day 
confluence of the North and South forks.  In the 1.5-mile-long reach below this confluence, 
the channel is very wide (up to 2,000 feet), with a braided morphology indicating that rapid 
deposition of sediment is occurring and the channel is actively migrating.  Several forested, 
oxbow wetlands are identifiable on either side of the channel in the 1938 images. 
 
The majority of the wetlands identified in the 1938 images upstream of present day SR 101 
are forested, while a few are scrub-shrub.  The 1938 imagery is from summertime and 
emergent wetlands in the upper floodplain may not be identifiable, but may be present in the 
agricultural lands. 
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In the areas between present day SR 101 and SR 106, channel migrations between 1938 and 
2011 are fewer.  In general, wetland areas are more consistent, with the exception of areas 
behind a levee (or training dikes), such as on the left bank of the river just downstream of SR 
101 that were presumably constructed after 1938 to provide suitable drainage for pasture or 
other agricultural uses.  Other attempts at agriculture in this area appear to have been 
abandoned, specifically just upstream of the large scrub-shrub wetland (identified as #44 on 
Figure 11c).  In the areas between SR 106 and Hood Canal, the changes between 1884 (as 
described in analysis of historical maps by Collins and Sheikh [2005]) and 2011 are relatively 
minor.  The majority of the differences may be attributed to map interpretation.  Channel 
locations are generally similar on the 1884 maps, 1938 imagery, and recent imagery.  
Conversion of delta wetlands to agriculture is identifiable on the 1938 imagery, although 
many of these areas have since been restored to estuarine wetlands.  
 

5.1.4.2 Comparison to National Wetland Inventory Mapping 

NWI data or the Lower Skokomish Valley (USFWS 2010) was based on color infrared 
imagery acquired in the early 1980s.  This provides a comparison of the changes to wetland 
areas that have occurred in the past three decades.  It is important to note that the 
methodologies of the two studies differ.  This study made use of higher resolution imagery 
and extensive field reconnaissance not generally conducted as part of the NWI. 
 
Above the confluence of the North and South forks, the channel alignments for riverine 
wetland locations are generally consistent.  The 2011 imagery reveals several large riparian 
forested wetland (PFO) along Vane Creek and the South Fork Skokomish that are not 
identified in the NWI.  Several small channels were also identified from the 2011 imagery.  
On the lower North Fork Skokomish River some areas identified as scrub-shrub in the NWI 
(PSS) were mapped as forested (PFO) in 2011 owing to the establishment of young trees in 
higher areas of the delta.   
 
This mapping effort shows considerably more wetland areas in the reach between the 
confluence of the North and South forks and SR 101.  These include wetland riverine, 
depressional, and slope wetlands that are associated generally with the channel and the 
larger riparian corridor.  There are also extensive areas of emergent (PEM) slope and 
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depressional wetlands identified across the floodplain, with smaller units of PSS and PFO 
wetlands as well.  These represent a major increase in wetland area between the two 
inventories. 
 
The total wetland area between SR 101 and SR 106 appears relatively consistent between the 
NWI and this inventory.  There are, however, notable differences in the vegetation 
classification.  This appears to be related to several phenomena.  First, some forested areas 
around the large PSS wetland (identified as 44 on Figure 11c) have died off and been 
replaced by PSS and emergent vegetation, probably as a result of increased wetness and 
persistent standing water.  In other areas, PEM has replace PSS vegetation; again, this is 
likely due to rising water levels that no longer support woody vegetation.  Some small areas 
of wetlands were also identified that do not appear in the NWI, either because these areas 
were not wet enough to support wetlands in the 1980s, or because of differences in 
technique and scale of the two assessments.   
 
The most notable changes in the area between SR 106 and Hood Canal are related to 
restoration efforts that have restored wetlands in the delta of the Skokomish River.  These 
efforts appear to have also resulted in the conversion of wetlands from palustrine to 
emergent systems; however, this difference may also be attributed to differences in mapping 
technique. 
. 
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6 ESTIMATE OF ANALYSIS ACCURACY AND REPEATABILITY 

Field verification was used to the extent practicable, but was limited by site access (some 
areas are relatively inaccessible) and by landowner willingness to allow site access.  
Therefore a confidence was established for each polygon based on best professional judgment 
of the accuracy of the methods employed in determining the polygon boundary.  These 
ranged between 95 percent and 70 percent (Table 2).  These results are further represented in 
the following graphs. 
 

Table 3  

Confidence Ranking Definitions 

Confidence 
Number 

Confidence 
Description 

Estimate of 
Accuracy1 Confidence Definition 

1 High 95% Investigation included parcel access and thorough analysis 
of area. 

2 High 95% Investigation limited to estuarine and riverine systems and 
one very large palustrine system, all characterized by very 

distinct topographic and spectral signatures.  A 
representative subset of these polygons were investigated 

during field verification. 

3 Medium to 
High 

85% Investigation included limited parcel access.  Analysis 
included comparing observations with high confidence areas 

with similar habitats and aerial photo interpretation. 

4 Medium 80% Investigation limited to visual observations from adjacent 
parcels or public roads.  Analysis included comparing 

observations with higher confidence areas with similar 
habitats and aerial photo interpretation. 

5 Low 70% No access and no opportunity for observations from 
adjacent parcels.  Analysis limited to aerial photo 

interpretation. 

Notes: 
1 Estimate that areas within the polygon are jurisdictional wetland and areas proximate to the polygon are 

uplands. 
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Notes: 
(1)  Investigation included parcel access and thorough analysis of area.  
(2) Limited to estuarine and riverine systems and one very large palustrine system characterized by very distinct 

topographic and spectral signatures.  A representative subset of these polygons was investigated during field 
verification. 
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(3) Investigation included limited parcel access.  Analysis included comparing observations with high confidence 
areas with similar habitats and aerial photo interpretation.  

(4) Investigation limited to visual observations from adjacent parcels or public roads.  Analysis included comparing 
observations with higher confidence areas with similar habitats and aerial photo interpretation.  

(5) No access and no opportunity for observations from adjacent parcels.  Analysis is limited to aerial photo 
interpretation.  
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7 OPPORTUNITIES FOR RESTORATION 

The same data sources used for the wetland inventory were also reviewed by experienced 
geomorphologists and restoration ecologists with experience in river and floodplain 
restoration.  Several opportunities for restoration were identified.  These are shown in the 
annotated graphics on Figures 12a through 12d. 
 
The opportunities for habitat restoration are intended to be integrated with restoration of 
natural process.  The mainstem Skokomish River is highly dynamic and depositional in 
nature, regardless of ongoing geologic processes (change in base level at the mouth) and 
anthropogenic modification.  Successful restoration projects must consider the geomorphic 
setting and approach conceptual project development from a systematic point of view, 
working with ongoing processes to achieve long-term benefits and minimize the potential 
for project failure.  Restoration actions should address the following: 

• Dispersion of floodwaters, and dissipation of energy in the channel and along banks 
• Promoting natural distribution of sediment load 
• Allowing the channel to achieve a more natural planform by eliminating constraints 

on channel migration where possible. 
• Where it is not possible to remove these constraints, opportunities should be sought 

to address the of hardened banks by distributing erosive energy 
• Creating channel complexity by adding roughness (e.g., large woody debris [LWD]) 

and diversifying the channel planform (e.g., side channels) 
 
The first priority for restoration should focus on maximizing opportunities for natural 
channel migration.  High rates of sediment deposition in the channel have resulted in a river 
that requires a very wide, somewhat shallow, active channel.  Lateral constraints on the river 
in the form of levees and revetments have limited habitat, especially off-channel habitat in 
the river.  Ideally, the maximum channel migration zone width available, given 
infrastructure constraints, will provide more opportunity for restoration of habitat than 
smaller specific projects that do not address the constraints on channel migration.   
 
The second priority for restoration after removing constraints on channel migration would 
be adding instream complexity with LWD.  Based on the aerial photos, there appears to be 
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very little wood in the reach.  Upstream, near the channel confluences where deposition is 
greatest and the active channel is relatively wide, LWD would split flow and encourage 
forested islands and riparian habitat to develop over time, and would also encourage the 
scour of pools.   Downstream, where the channel is more confined, LWD would add refuge 
and cover for fish and encourage more diversity in bedform to develop.  
 
There are also numerous opportunities to create off-channel areas, but maintaining fish 
access to those channels over the long term will be a concern.  Off-channel habitat would 
provide important rearing habitat and refugia during the frequent high flow events that 
occur in the system.  This wetland inventory identifies numerous long, linear wetlands in 
relic channels on the valley floor that could be reconnected to the mainstem.  These 
connections could be maintained, at least temporarily, with engineered log jams used to 
create scour near the channel mouths.   
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APPENDIX A 
INDEX OF VEGETATION OBSERVED 
DURING FIELD VERIFICATION



Appendix A

Vegetation Data

Scientific Name Common Name Indicator 2a 2b 2c 2d 4a 4b 4c 4d 4e 4f 4g 4h 4i 6a 6b 6c 7a 7b 7c 7d 8a 8b 8c 9a 9b 10a 10b 11a 11b 11c 11d 11e 11f 12a 12b 13a 13b 14a 14b 14c 15a 15b 16a 16c 16d 16e 16f 16g 18a 18b 18c 18d 18e 20a 21a 21b 19 20 21 22 i ii iii iv v

Trees

Abies procera Noble fir NI x

Acer macrophylum Big‐leaf maple FACU x x x x x x x x x x x x x x x x x x x x x x

Alnus rubra Red alder FAC x x x x x x x x x x x x x x x x x x x x x x x x x x x

Crataegus douglasii Black hawthorn FAC x x

Fraxinus latifolia Oregon ash FACW

Malus domestica Domestic apple NI

Picea sitchensis Sitka spruce FAC x x

Populus trichocarpa Black cottonwood FAC x x x x x x x x x x

Prunus emarginata Bitter cherry FACU x x x x

Pseudotsuga menziesii Douglas fir FACU x x x x

Rhamnus purshiana Cascara FAC‐ x x x

Salix lasiandra Pacific willow FACW+ x x x x x x x x x x x x x x x x x x

Salix scouleriana Scouler willow FAC x x x x x x x x x x x x x x

Thuja plicata Western red cedar FAC x x x x x x x x x x

Tsuga heterophylla Western hemlock FACU‐

Shrubs

Acer circinatum Vine maple FAC‐ x x x x x x x x x x x

Cornus sericea Red‐osier dogwood FACW x x x x x x x x x x x x

Corylus cornuta Beaked hazelnut FACU x x x x x x

Cytisus scoparius Scot's broom UPL x

Gaultheria shallon Salal FACU x

Hedera hibernica English ivy UPL x x x

Ilex aquifolium Holly FACU

Kalmia spp. Laurel UPL

Lonicera involucrata Twinberry FAC+ x

Mahonia aquifolium Tall Oregon grape UPL x x

Oemleria cerasiformis Indian plum FACU x x x x x x x x x x

Philadelphus lewisii Mock orange FACU x x

Polygonum cuspidatum Japanese knotweed FACU x x x

Rosa nutkana Nootka rose FAC x x x x x x x x x x

Rubus armeniacus Himalayan blackberry FACU x x x x x x x x x x x x x x x

Rubus parviflorus Western thimbleberry FAC‐ x x x x x x x x

Rubus spectabilis Salmonberry FAC+ x x x x x x x x x x x x x x x

Rubus ursinus Trailing blackberry FACU x x x x

Sambucus racemosa Red elderberry FACU x x x x x x x x x x x

Spiraea douglasii Spirea FACW x

Symphoricarpos albus Snowberry FACU x x x x x x x x x x x x x

Vaccinium ovatum Evergreen huckleberry UPL x

Vaccinium parvifolium Red huckleberry UPL x

Grass, Ferns, & Herbaceous

Agrostis capillaris Colonial bentgrass FAC x x x x x x x x

Athyrium filix‐femina Lady fern FAC+ x x x x x x x x

Atriplex patula Fat‐hen saltbush FACW x

Carex deweyana Dewey sedge FACU

Carex obnupta Slough sedge OBL x x x x x x

Cirsium arvense Canadian thistle FACU+ x x x x

Epilobium watsonii Watson's willow‐herb FACU‐

Equisetum arvense Field horsetail FAC x

Equisetum telmateia Giant horsetail FACW x

Festuca rubra Red fescue FAC+ x x x x x x x x x x x x

Grasses Misc. x x x x x x x x x x x

Grindelia integrifolia Entire‐leaved gumweed FACW x x x

Holcus lanatus Common velvet grass  FAC x x x x x x

Iris pseudoacorus Yellow‐flag iris OBL x x x x

Jaumea carnosa Fleshy jaumea OBL x x x

Juncus acuminatus Tapertip rush OBL x x x

Juncus effusus Soft rush FACW x x x x x x x x x x

Lotus corniculatus Birds‐foot trefoil FAC x

Lysichiton americanus Skunk cabbage OBL x x x x x x x

Maianthemum dilatatum False‐lily‐of‐the‐valley FAC

Nuphar polysepalum Yellow water lilly OBL x
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Appendix A

Vegetation Data

Scientific Name Common Name Indicator 2a 2b 2c 2d 4a 4b 4c 4d 4e 4f 4g 4h 4i 6a 6b 6c 7a 7b 7c 7d 8a 8b 8c 9a 9b 10a 10b 11a 11b 11c 11d 11e 11f 12a 12b 13a 13b 14a 14b 14c 15a 15b 16a 16c 16d 16e 16f 16g 18a 18b 18c 18d 18e 20a 21a 21b 19 20 21 22 i ii iii iv v

Oenanthe sarmentosa Water‐parsley OBL

Phalaris arundinacea Reed canarygrass FACW x x x x x x x x x x x x x x x x x

Phleum pratense Timothy grass FAC‐ x x x

Plantago lanceolata English plantain FAC

Plantago major Common plantain FACU+

Plantago maritima Sea plantain FACW+ x x x x

Poa pratensis Kentucky bluegrass FAC x x x x x

Polystichum munitum Sword fern FACU x x x x x x x x x x x

Potentilla anserina Silverweed OBL x x x

Pteridium aquilinum Bracken fern FACU x x x

Puccinellia nutkaensis Pacific alkali grass OBL x x x x

Ranunculus acris Tall buttercup FACW‐ x x x x x x x

Ranunculus repens Creeping buttercup FACW   x x x x

Rorippa palustris Marsh yellowcress OBL

Salicornia virginica Pickleweed OBL x x x x

Scirpus acutus Hardstem bulrush OBL x

Scirpus americanus Common threesquare OBL x

Scirpus microcarpus Small‐fruited bulrush OBL x x x x x x x

Tanacetum vulgare Common tansy UPL

Taraxacum officinale Common dandelion FACU x x x x x

Tolmiea menziesii Piggyback plant FAC

Trifolium pratense Red clover FACU x x

Trifolium repens White clover FAC x x x x x

Trillium ovatum Western trillium FACU

Typha latifolia Cattail OBL x x x x x x x x x

Urtica dioica Stinging nettle FAC+ x x
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Scientific Name Common Name

Northwestern salamander Ambystoma gracile
Pacific chorus frog Pseudacris regilla
Pacific giant salamander  Dicamptodon tenebrosus

Beaver Castor canadensis
Coyote Canis latrans
Deer mouse Peromyscus maniculatus
Eastern gray squirrel Sciurus carolinensis
European rabbit Oryctolagus cuniculus
House mouse Mus musculus
Long-tailed weasel Mustela frenata
Mule deer Odocoileus hemionus
Raccoon Procyon lotor
River otter Lutra canadensis
Townsend's mole Scapanus townsendii
Western red-backed vole Clethrionomys occidentalis

Western garter snake Thamnophis elegans

American crow Corvus brachyrhynchos
American dipper Cinclus mexicanus
American goldfinch Carduelis tristis
American robin Turdus migratorius
Bald eagle Haliaeetus leucocephalus
Barn swallow Hirundo rustica
Belted kingfisher Ceryle alcyon
Black-capped chickadee Parus articapillus
Bushtit Psaltriparus minimus
California gull Larus californicus 
California quail Callipepla californica
Canada goose Branta canadensis 
Common yellowthroat Geothlypis trichas
Dark-eyed junco Junco hyemalis
Double-crested cormorant Phalacrocorax auritus
Downy woodpecker Picoides pubescens
European starling Sturnus vulgaris 
Gadwall Anas strepera
Glaucous-winged gull Larus glaucescens 
Golden-crowned kinglet Regulus satrapa
Great blue heron Ardea herodias
House sparrow Passer domesticus
Killdeer Charadrius vociferus 
Mallard Anas platyrhynchos
Marsh wren Cistothorus palustris
Osprey Pandion haliaetus
Red-breasted sapsucker Sphyrapicus ruber

Amphibians

Mammals

Reptiles

Birds
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Scientific Name Common Name

Red-tailed hawk Buteo jamaicensis
Red-winged blackbird Agelaius phoeniceus
Rock dove Columba livia
Rufous hummingbird Selasphorus rufus 
Spotted towhee Pipilo erythrophthalmus
Steller's jay Cyanocitta stelleri
White-breasted nuthatch Sitta caralinensis
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1.0 Cultural Resources 
 
"Cultural resources" is a general utilitarian term coined by the National Park Service in the early 
1970s to encompass a wide range of heritage assets, including places with evidence of past 
human activities on the landscape.  It is widely used to characterize diverse management 
activities, i.e. "cultural resource management".  The term has no statutory definition, but the 
related term "historic properties" is defined at law (16 U.S.C. 470w) and regulation (see 36 CFR 
Part 800.16 - Definitions) and may be considered as a special case of "cultural resources".   
"Historic Properties" generally includes any material remains that are at least 50 years old and 
have met tests of archaeological, historical, or cultural significance and consequently would be 
eligible for listing in the National Register of Historic Places (NRHP).  Examples of historic 
properties include (but are not limited to) archaeological sites such as lithic scatters, villages, 
procurement areas, resource extractions sites, rock shelters, rock art, shell middens; and historic 
era sites such as trash scatters, homesteads, railroads, ranches, logging camps, and any structures 
or buildings that are over 50 years old. 
 
In addition to archaeological or historical sites, properties that are associated with cultural 
practices or beliefs of a living community and are both rooted in that community’s history and 
are important in maintaining its cultural identity are also defined as cultural resources (Parker 
and King 1998).  Commonly referred to as Traditional Cultural Properties (TCP), these areas are 
afforded the same consideration as other cultural resources. They must meet the same criteria for 
significance, and if found to be eligible for NRHP they are afforded the same protection.   
 
Section 106 of the National Historic Preservation Act (NHPA) provides a regulatory framework 
for the identification, documentation, and evaluation of cultural resources that may be affected 
by federal undertakings.  Federal undertakings include those actions either preformed by the 
federal government, require a federal license or permit, occur on federally managed land, or 
receive federal monies.  Under the NHPA, federal agencies must consider the effects of federal 
undertakings on cultural resources that are eligible for listing on the NRHP. 
 
There are three main standards that a resource must meet to qualify for listing on the NRHP (36 
CRR 60): age, integrity, and significance. To meet the age criteria, a resource generally must be 
at least 50 years old. Properties under 50 years of age can be found eligible when the resource is 
of exceptional significance (36CFR60.4).  To meet the integrity criteria, a resource must possess 
integrity of location, design, setting, materials, workmanship, feeling, and association.  Finally, a 
resource must be significant according to one or more of the following criteria: 
 
(a) be associated with events that have made a significant contribution to the broad patterns of 
our history; or 

(b) be associated with the lives of persons significant in our past; or 

(c) embody the distinctive characteristics of a type, period, or method of construction, or that 
represent the work of a master, or that possess high artistic values, or that represent a significant 
and distinguishable entity whose components may lack individual distinction; or 
(d) have yielded, or may be likely to yield, information important in prehistory or history 
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Section 106 of the National Historic Preservation Act (NHPA) provides a regulatory framework 
for the identification, documentation, and evaluation of cultural resources that may be affected 
by federal undertakings. Federal undertakings include those actions either preformed by the 
federal government, require a federal license or permit, occur on federally managed land, or 
receive federal monies. Under the NHPA, federal agencies must consider the effects of federal 
undertakings on cultural resources that are eligible for listing on the NRHP. 
 
Regulations in 36 CFR 800 outline the process through which Section 106 of the NHPA is 
administered.  In general, the regulatory process can be broken into four steps.  These are 1) 
defining the undertaking and assessing if it has the potential to affect properties included on, or 
eligible for inclusion on the NRHP; 2) making a good faith effort to identify those properties 
within the area of potential effect; 3) assessing the undertaking’s effects on those resources; and 
4) taking steps to avoid or mitigate adverse effects if present.   
 
At this stage, specific projects have not been identified as part of the Skokomish Basin General 
Investigation. A review of existing primary and secondary resources was conducted in order to 
provide an overview of cultural resources either known to exist within the Valley or that are 
likely to be present.  As outlined in the Memorandum of Agreement (MOA) and agreed to by all 
consulting parties, project specific cultural resource inventories will be completed prior to final 
project approval.   
 
The following assessment relies on information about recorded archaeological and historical 
sites on file with the Washington Department of Archaeology and Historic Preservation (DAHP), 
ethnographic sources, historical maps, and secondary sources.   

 
2.0 Prehistoric Overview 

 
The cultural sequence of the Olympic Peninsula, as with the Pacific Northwest in general, is 
poorly understood.  The lack of securely dated sites along with a general paucity of data about 
the early and middle prehistoric periods, has led to a very nebulous understanding of shifting 
cultural patterns through time.   
 
While general cultural chronologies exist for Puget Sound (Kidd 1964; Fladmark 1982; Wessen 
and Stilson 1986; Ames and Maschner 1999) the division of the prehistoric period into 
temporally discrete phases is often arbitrary and rarely rooted in clearly definable technological 
or cultural transitions.  Few sites dating prior to 3000 BP have been identified and securely dated 
let alone investigated in any meaningful way.  The predominance of acidic soils in Western 
Washington has led to poor preservation of organic materials; which in turn, has led to a general 
lack of secure radiocarbon dates.  Furthermore, if the region’s earliest inhabitants focused on 
marine, littoral, and riverine resources then it is likely that any habitation sites would have been 
“located directly landward of the mean high tide where they would be subject to inundation with 
sea level rise” (Wessen and Stilson 1987:19).  Consequently, much of the data known about the 
earliest periods in Western Washington comes from a small set of sites that currently cannot 
address the gamut of intersite variability that surely existed. 
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The chronology presented here was developed specifically for the Olympic Peninsula by 
Bergland (1983; 1988). These dates are tentative and are subject to change as more information 
becomes available.    
 
Early Prehistoric (12,000-6000 BP) 
 
This phase begins with the earliest human occupation of the Olympic Peninsula.  These first 
inhabitants were most likely highly mobile hunters and gathers, who utilized a wide variety of 
resources (Bergland 1983:21; Wessen1990:25).  The Manis Mastodon site is the most cited 
example from this time period on the Olympic Peninsula.  Located south of Sequim, the site 
contains the remains of a butchered mastodon with a bone projectile point embedded in a rib 
(Gustafson et al 1979; Morgan et al. 1999).  Radiocarbon dates place the site around 12,000 BP 
(Rice and Stilson 1987).  In contrast to contemporaneous sites in eastern Washington, few lithic 
artifacts were found in association with the mastodon.   
 
Bergland (1983) includes Olcott type sites in his Early Prehistoric Phase.  The term Olcott has 
been used to define sites that date between 5000 and 9000 years BP and that generally 
correspond with Cascade Phase sites in Eastern Washington.  Butler (1961) first presented the 
idea of the “Old Cordilleran Culture” or Olcott as an early culture of generalized hunters and 
gatherers that utilized a relatively basic assemblage of tools.  In general, Olcott tool assemblages 
include large thick willow or laurel leaf shaped projectile points, flakes, leaf shaped bifaces- 
often with serrated edges, cobble choppers, scrapers, and graving tools.  Basalt appears to be a 
preferred toolstone type in the Early Prehistoric (Rice and Stilson 1987:6; Bergland and Marr 
1988:27).    
 
Amongst the archaeological community there is a general acceptance that small side notched and 
triangular points appear later than large lanceolate or leaf shaped points.  However, large points 
made of coarse local materials, crude flakes, and core tools like those associated with Olcott 
aged sites appear in later deposits as well (Wessen and Stilson 1987).  Hence, these tool types are 
characteristic but are not diagnostic of the earliest occupation period in Western Washington.  
 
Middle Prehistoric (6000-3000 BP) 
 
By 6400 BP, sea levels were within two to three meters of their present levels (Ames and 
Maschner 1999:88).  As sea levels stabilized, estuarine and delta habitats began to develop and 
evidence suggests that marine resource utilization intensified during this period (Morgan et al 
1999).  There are few known archaeological sites dating to the Middle Prehistoric on the 
Olympic Peninsula so most the information about this phase comes from sites in the Gulf of 
Georgia and the Fraser Valley. 
 
Artifact assemblages from this time period include medium-sized notched and contracting stem 
triangular projectile points; ground slate bayonet points; and limited stone and wood carvings 
(Morgan et. al 1999:3.7).  The first evidence of a developed ground stone industry occurs at the 
Esilao Village site in the lower Fraser Canyon about 5000 BP (Bergland 1983:32).  While 
“Olcott” type artifacts continue to appear until approximately 4000 BP, there is a general 
decrease in point size and cobble choppers become rarer (Bergland 1983:32).    
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Sea level stabilization may have provided the environment for large, consistent salmon runs in 
spawning streams throughout the Northwest Coast.  Red cedar, previously rare in the area, was 
present in forests by 5500 BP.  While it is problematic to make direct correlations between 
climate shifts and culture change, it is unlikely these new resources did not affect subsistence 
strategies and prehistoric technologies.   
 
Early Maritime (3000-1000 BP) 
 
The Early Maritime Phase continues many of the trends first noted in the Middle Prehistoric 
Phase.  Marine resources continue to be a major component of subsistence patterns.  Investigated 
sites have revealed “large quantities of shell, fish, and sea mammal remains” in addition to 
terrestrial faunal (Morgan et al 1999:3.8).  Subsistence activities appear to become more 
sophisticated and specialized at this time. An offshore hook-and-line fishery is present at the 
Hoko River site dating between 2200 and 2700 BP (Bergland 1983:37; Wesson 1990:26).  
Basketry and wood implements appear such as carved projectile points and adzed cedar 
fragments; meanwhile, the frequency of lithics begins to decline (Bergland 1983: 42; Morgan et 
al 1999).   
 
Beginning about 3000 B.P., there is a general increase in the size and frequency of shell middens 
along the Northwest coast which has been viewed as evidence of increasingly larger and more 
sedentary populations (Moss1993:631).  This inferred population increase also corresponds to 
ethnographically known populations; hence, the potential exists to link variations in shellfish 
harvesting, preparation, and consumption with specific cultural groups.  Evidence suggests that 
the winter village pattern with specialized seasonal camps also appears during this phase.  The 
remains of dwellings have been identified; however, they are much smaller than the cedar plank 
long house typically associated with the Pacific Northwest (Matson and Coupland 1995).   
 
Sites dating to this phase on the Olympic Peninsula include the Ozette Village Site (Daugherty 
1970; Wessen 1982), the Hoko River Site (Croes and Blingman 1980), White Rock Village (Kirk 
and Daugherty 1978), Pitshap Point (Wessen 1984), and Washington Harbor Site (Blukis-Onat 
and Larson 1984).     
 
Prehistoric Norwest Coast Pattern (1000-200 BP)  
 
This time period is fairly well understood, both on the Olympic Peninsula and within the larger 
Puget Sound area.  The Prehistoric Northwest Coast Pattern differs from the Early Maritime 
Phase in degree rather than kind.  Native inhabitants are practicing the same adaptive strategies 
and utilizing the same technologies; however, these are becoming more elaborate and 
specialized.  According to Bergland (1983) this period commences with the appearance of the 
multi-season village and its cedar plank long houses.  However, his claim is mostly based on 
negative evidence e.g. the lack of identified multiseason villages.  Recently, evidence for smaller 
plank houses has been documented earlier in archaeological record indicating the multi-season 
village may predate 1000 BP (Matson and Coupland 1995). 
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Also during this phase, lithic tools almost entirely disappear from the archaeological record and 
are replaced by wood, fiber, bone, and antler tools.  Well-preserved sites on the Olympic 
Peninsula like Ozette provide tremendous detail about the cultural assemblage as well as 
evidence for social stratification (Daugherty 1970).  The households investigated at Ozette 
revealed intra-household organization through domestic task areas, storage baskets, children’s 
toys, gaming pieces, carved wooden decorations as well as inter-household organization through 
the development of elaborate drainage systems (Bergland 1983).     

 
3.0 Ethnographic Overview  

 
At the time of Euro American contact, the Skokomish River Basin was occupied by a group of 
interrelated native peoples who collectively referred to themselves as tuwa’duxa, a term later 
anglicized to Twana (Elmendorf 1960:1).  Traditional Twana territory comprised the entire 
length of Hood Canal to the headwaters of all of the rivers and streams draining into the Canal 
(Bouchard and Kennedy 1994:36).  The northern boundary extended to the Squamish Harbor and 
Port Gamble and the southern boundary continued to “the height of land between Shelton and the 
‘Great Bend’ of Hood Canal” (Bouchard and Kennedy 1994:36).  
 
The US government applied the name Skokomish to all of the native inhabitants of the watershed 
beginning in 1855 with the signing of the Point No Point Treaty.  Prior to 1855, the name 
Skokomish referred to one of the nine winter villages within the watershed.  As was typical at the 
time, the name of one community was extended to a larger group of native peoples living within 
a definable territory and to the major river along which that community was located (Lane 
1973:1).   
 
The Twana are one of the most studied tribes in the Pacific Northwest.  Much of our current 
knowledge about pre-contact Twana culture comes from Dr. W.W. Elmendorf’s early work with 
the Skokomish Tribe and his subsequent publications including his seminal ethnography The 
Structure of Twana Culture (1960).  The majority of Elmendorf’s fieldwork was completed in 
1939 and 1940.  Next to Elmendorf, the most prolific early accounts of the Twana were 
completed by the Reverend Myron Eells.  Eells lived amongst the Skokomish for 33 years 
beginning in the 1870s, and while Eells was not a trained ethnographer and his interpretations of 
Twana culture were influenced by his role as a missionary, his eyewitness accounts of late 
nineteenth century Twana customs have proven invaluable.   
 
Other studies of note include Edward Curtis’s (1913) volume on the Salishan Tribes of the 
Coast; T.T. Waterman’s (1920) collection of over 120 Twana place names in the vicinity of 
Hood Canal; Nile Thompson’s (1979a, 1979b, 1985) examination of the Twana language and 
Karen James’ (1980) ongoing work with the Skokomish.  With the exception of Elmendorf’s and 
Waterman’s work, the previous studies have not attempted to identify and delineate locations 
that are strongly associated with traditional, cultural or religious practices.   
 
In 1991, Tacoma Public Utilities (TPU) contracted with Randy Bouchard and Dorothy Kennedy 
to compile, collect, and analyze an extensive amount of information relating to the Twana in 
order to identify potential TCPs.  This effort was a direct result of TPU’s relicensing application 
filed with the Federal Energy Regulatory Commission (FERC) in the early 1990s.  Bouchard and 



6 
 

Kennedy reviewed and analyzed existing literature pertaining to the Twana and interviewed 
twenty-two Skokomish tribal members in 1991-1992.  They identified 72 potential sites of 
concern.  
 
Overall the Twana exhibited a generally cohesive culture pattern that has been broadly classified 
as part of the Southern Coast Salish group. Twana population estimates during the contact period 
hover around 1000 (Elmendorf 1960; Bouchard and Kennedy 1994).  However, population levels 
were likely much higher prior to the mid nineteenth century.  Like other Southern Coast Salish 
Groups, the Twana practiced a seasonal round “which consisted of spring, summer, and fall 
migrations to fishing grounds, berry and root patches, and shell fishing areas” and a yearly return 
to a permanent winter village (Larson and Lewarch 1995:1-15).  The winter villages were the 
primary economic and social units and were typically comprised of extended kin groups 
cohabitating in plank houses.   
 
Elmendorf (1960) identified nine winter village-communities: “Dabop, Quilcene, Dosewallips 
and Duckabush, in the lower, northern Hood Canal area; Hoodsport, Skokomish, and Vance 
Creek, near the mouth of the Skokomish River or in its drainage; and Tahuya and Duhlelap, on 
the upper, southern arm of Hood Canal” (1).  Slight cultural variations surely existed amongst 
these winter villages; however, by the time that Elmendorf began his ethnographic work the 
Twana had been living on the Skokomish Reservation for over 60 years, and village comparisons 
were no longer possible.  
 
The Twana spoke a Salishan language that was unintelligible to the other members of the 
Salishan language family such as the Lushootseed speakers along southern Puget Sound 
(Elmendorf 1960; Lane 1973; Bouchard and Kennedy 1994).  Only slight dialect differences 
have been noted across the Twana territory.  These have been classified into three clusters: 
around the entrance to Hood Canal; near the mouth of the Skokomish River; and at the end of 
Hood Canal (Bouchard and Kennedy 1994:35).  These dialect clusters corresponds to a common 
division of the Twana into three regional groups: the Duhlelips, Skokomishes, and the Quilceeds 
(Wesson 1987; Suttles and Lane 1990).  
 
Typical of other tribes in the Pacific Northwest, The Twana had a dietary reliance on salmon.  
Four species were common in Hood Canal and the Skokomish River: Chinook, coho, chum, and 
pinks.  James (1980) states that sockeye were also prevalent in the Skokomish River, but 
Elmendorf’s (1960) data does not support this.  The majority of salmon were caught with weirs, 
dip nets, and harpoons during late summer and fall runs.   Most of the catch would be dried and 
stored for use during the winter.  Other fish that featured prominently in their diet included: 
winter and summer steelhead, skate, flounder, sole, rock cod, and halibut at the northern end of 
Hood Canal (Elmendorf 1960:57).  After fish, the Twana’s food resources are ranked in order of 
importance as sea mammals, mollusks, waterfowl, land game, and vegetable products 
(Elmendorf 1960:56).   
 
Fishing and hunting were predominately male pursuits while women harvested mollusks, 
gathered plant foods, and made baskets, blankets, and cordage.  The Twana believed that   
specialized skills were bestowed on individuals by supernatural powers or guardian spirits. 
Typically this occurred as a result of vision questing, but there was evidence of some skills being 
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inherited.  There was more ritualized behavior associated with hunting than fishing despite the 
fact that fish was a more important food source. 
 
The Twana had a unique belief system regarding the afterlife.  For the Twana, each living person 
contained two souls: a life soul and a heart soul.  At death, the heart soul died with the body and 
the life soul, with the exception of the souls of infants, went to the first land of the dead.  Each 
village had a corresponding village in the land of the dead, only the conditions were opposite of 
what they were in this world, e.g. summer is winter and day is night.  After a certain amount of 
time, the life soul would die a second death and be reborn as an infant in this world.   
Meanwhile, the life soul of an infant would leave the cycle of rebirth and become a guardian 
spirit (Suttles and Lane 1990:496).         

 
 
 

4.0 Historical Overview 
 

The first recorded Euro American expedition into the project area begins with Captain George 
Vancouver who arrived in Hood Canal and named it in 1792.  The Hudson Bay Company traders 
visited the area in the 1830s and established a trading post in the Union area.  In 1853, the first 
white settler to file a donation land claim in Mason County, Hugh Goldsborough, was drawn by 
the vast stands of Douglas fir and cedar that soon spawned timber mills in nearby Shelton.  A 
Skokomish Valley settler, Thomas Webb, made an 1855 donation land claim in what is now 
called the Nalley Ranch.  Other Euro American settlers rapidly joined Webb, many arriving from 
Middle West states of the country.  Those faced with carving a life from the dense forests found 
ample building materials in the valley’s stands of cedar and Douglas fir, though the survival of 
such period structures is presently unknown.  
 
Like much of western Washington in the mid to late nineteenth century, the dwellings of Euro 
American settlers consisted of rudimentary single story cabins consisting of whole or hewn logs 
laid horizontally.  Depending on cultural affiliation and economic status, log construction and 
corner joinery ranged from simple log buts, to finer dove tail variations reflecting Scandinavian 
traditions.  Presently, it is not known whether the valley retains any examples of settlement era 
log buildings.  Given the river bottom environment was previously thick with cedar forests, any 
original settlement era buildings would likely incorporate cedar materials in log, framing, and 
roof cladding. 
 
Skokomish maple and alder fed the growing timber industry and stocked three hardwood mills 
located in the valley.  As the Skokomish River bottom was cleared of timber, subsistence 
farming and dairying quickly replaced milling, making the survival of mill related structures 
unlikely.  During the valley’s development stage in the late nineteenth century (1880-1910), 
railroad systems and booming saw mills introduced a variety of new building materials of 
standardized dimension.  Some of the first homes, barns, and outbuildings built during this 
period incorporated vertical plank construction with battens, sometimes set into channeled 
groove.  Because of the high vulnerability of such structures due to constant flooding and re-
development of the valley floor for over a century, examples of this plank system are unlikely to 
be found in the remaining stock of buildings.   
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Several mining claims were filed on these lands in the late 1880s, on word of copper, 
manganese, and iron ore deposits on the North Fork of the Skokomish River.  One of the early 
companies was the Mason County Mining and Development Company.  Mining efforts 
continued through World War II, to little effect.  Of the 400 claims filed, only eighteen showed 
metallic mineral in the assay samples.  Future historic property inventories of the valley may 
encounter remnants structures, features or objects relating to these short lived mining ventures.   
 
Roads were built throughout the valley to support logging, ranching, and recreation and tourism, 
which flourished alongside the less environmentally friendly industries.  Timber bridges were 
first employed for river crossings, and later replaced with concrete versions in the 1920s.  In 
1890, a resort hotel was built on Lake Cushman.  The hotel, the valley and the new community 
of Hoodsport were connected by a road that same year.  Visitors flocked to the hotel, and other 
resort stations in the area.    
By the early 1900s, both Seattle and Tacoma had realized a need for more power.  Interest arose 
in the hydroelectric potential of the Skokomish River.  Seattle pursued an electric franchise in 
and around 1912, but issues with transmission routes put the project on hold.  Eight years later, 
in 1920, the City of Tacoma obtained a permit for the same site.   Despite protestations from the 
Skokomish Tribe and other landowners, the project went forward.  Land within the proposed 
reservoir was cleared, building were razed and burned.  Cushman Number 1 Dam, built by the A. 
Guth[e]rie Company of Portland, Oregon, became operational in 1925. At that time, the dam was 
the largest structure of its type; its reservoir the second largest in the west.   Another milestone 
was the establishment of the Olympic National Park in 1938 (Begland and Marr 1988), which 
withdrew much timber land from the private domain.  
 
By the 1920s, farming practices were expanded to include berry and grape cultivation, 
anticipated to be the dominant industries in the valley.  Structures associated with this 
agricultural output are presently unknown but may be anticipated in future survey efforts.   
Aggressive plowing and seeding continued in the 1920s, elevating the importance of Skokomish 
Valley agriculture beyond other river valleys in the county.  Many surviving houses and 
agricultural buildings are associated with this period.   
 
One of the most visually prominent buildings reflecting community prosperity during this period 
is former Middle Skokomish Valley School, today known as the Grange Hall.  Built in 1923, the 
two-story building consolidated the earlier 1915 Upper Skokomish School, which was moved 
next to the new building.  The valley’s educational history includes the Indian Boarding School 
era, which founded the Lower Skokomish Valley School in 1869 to matriculate Native 
Americans.   By 1871, the Skokomish Reservation was under charge of the Congregational 
Church, with Edwin Eells assigned as government Indian agent.  Eells’ brother Myron was 
appointed as church missionary and chronicled the lives of the native peoples he served.  The 
agency school was eventually used as a tribal community center, however its status and historic 
integrity are not known.  Another structure tangentially associated with the theme of Native 
American culture and education – built by Maine emigrant and carpenter, Michael Fredson – was 
the Tom Webb house on the Skokomish River, the status of which is also unverified. 
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In the first decades of the twentieth century, building patterns reflected balloon frame 
construction of dimension lumber.  Examples mostly exhibit horizontal lap, or drop siding.  Roof 
types are generally gabled, and feature unfinished soffits with exposed rafter tails.  Latent 
influences of the Craftsman period are evident in the use of knee brace brackets, shingle 
cladding, and integrated or projecting bungalow porches.   
 
Until the valley floor was deforested, logging was an important industry from both Euro 
American settlers and Native Americans.  The Skokomish people participated in these local 
industries, independently and as hired labor.  The Skokomish Tribe continued to fish and gather 
shellfish for both personal use and sale.  Land development, in the form of diking and plowing, 
severely affected these traditional resources. With deforestation, land previously too expensive to 
clear became available.  Wetlands gave way to farmlands, resulting in the loss of sweet grass and 
other traditional use plants.  Increased sediment deposits from upland logging and the State of 
Washington's claims of jurisdiction over tidelands limited the development of shellfish species 
and restricted the Skokomish peoples’ access to those resources.   
 
5.0 Cultural Resources in the Study Area 

 
Compliance with regulations affecting cultural resources requires the definition of an area of 
potential effect (APE).  The APE is defined as the geographic area or areas within which an 
undertaking may directly or indirectly cause changes in the character or use of historic 
properties.  For the Skokomish River Basin General Investigation, specific projects have not 
been identified, designed or located on the landscape; subsequently, project specific APEs have 
not been delineated.  Because projects could occur anywhere within the study area, archival data 
were collected to determine the nature and location of prehistoric, historic, and architectural 
resources present within the entire study area.   
 
A search was made of the Washington Department of Archaeology and Historic Preservation’s 
online database WISAARD.  The database lists all archaeological sites that have been officially 
recorded and sent to DAHP.  The database also shows areas that have been inventoried since 
1995, but does not provide a comprehensive list of inventories conducted prior to 1995.  The 
majority of inventories known to have occurred in the study area have been small in scale, 
typically under one acre or linear surveys that simply bisected the study area. 
 
The largest inventories that have occurred in the study area are associated with the FERC 
relicensing of the Lake Cushman Hydroelectric Dam, and consequently, have clustered around 
Lake Cushman and the North Fork of the Skokomish River.  A total of 17 archaeological sites 
have been recorded in the study area.  Eleven of these are prehistoric sites with shell middens 
and small lithic scatters being the predominant site type.      
  

Site # Site Period  Eligibility Determination  
45MS050 Prehistoric Unevaluated  
45MS051 Prehistoric  Unevaluated but Recommended Eligible  
45MS053 Prehistoric Unevaluated  
45MS055 Prehistoric  Unevaluated  
45MS056 Multicomponent Unevaluated  
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45MS108 Prehistoric Unevaluated  
45MS109 Prehistoric/ Contact Unevaluated  
45MS126 Prehistoric Unevaluated   
45MS128 Prehistoric  Unevaluated  
45MS129 Prehistoric  Unevaluated  
45MS130 Historic Unevaluated  
45MS131 Historic Unevaluated  
45MS132 Prehistoric Unevaluated  
45MS135 Historic Unevaluated  
45MS136 Historic Unevaluated  
45MS190 Prehistoric Unevaluated 
45MS191 Prehistoric  Unevaluated  
   

Table 1: Recorded Archaeological Sites within the Study Area 
 
In addition to the cultural resource inventories, Bouchard and Kennedy (1994) completed an 
extensive ethnographic study of the basin.  They interviewed twenty-two Skokomish tribal 
members in 1991-1992 and identified 72 areas of tribal concern.  These areas were recorded on 
TCP forms.  Bouchard and Kennedy recommended that 24 of these areas met the National 
Register criteria; however, an official determination of eligibility was never made by a federal 
agency.   
 
While a comprehensive architectural survey has not been completed, a reconnaissance survey of 
the valley revealed that the survival of the early built environment is limited.   Not surprisingly, 
extensive flooding, land clearing for logging and later agricultural pursuits, have swept away 
many of these properties.   A cursory review of the valley’s most accessible structures and 
buildings suggests that those that remain are products of accelerated agricultural growth in the 
early part of the twentieth century, the general period, 1920-1940.  There is also the strong 
possibility that some of these homes and agricultural buildings are the products of pattern books 
or “pre-cut and assemble” building packages selected from local hardware stores and shipped by 
train.  Examples of the types of structures and associated historic themes to address in future 
project phases include: 
 
Agriculture – Farm Houses, Barns, Outbuildings: 

• Barn and chicken coop located on Skokomish Valley Road 
• McKeman Fish Hatchery (1947 complex) 
• Hunter Family Farm Buildings 

 
Residential – Bungalow/Craftsman Dwellings: 
 

• Two Small bungalows located on Skokomish Valley Road  
 

Education   

• Skokomish Grange (1923) 
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Native American History/Culture 

• Eells Hill Rd./Vance Creek Rd.:  Eells House  
 

Transportation 

• Four Skokomish River bridges (1920-1932) 
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REPLY TO 
ATTENTION OF 

DEPARTMENT OF THE ARMY 
SEATTLE DISTRICT, CORPS OF ENGINEERS 

P.O. BOX 3755 
SEATTLE, WASHINGTON 98124-3755 

Environmental and Cultural Resources Branch 

Allyson Brooks, Ph.D. 
State Historic Preservation Officer 
Department of Archaeology and Historic Preservation 
Post Office Box 48343 
Olympia, Washington 98504-8343 

NOV 1 5 201:i 

SUBJECT: Development ofa Programmatic Agreement for the Skokomish River Basin 
Ecosystem Restoration Feasibility Study 

Dear Dr. Brooks: 

U.S. Army Corps of Engineers (Corps) has partnered with the Skokomish Indian Tribe 
and Mason County to study and evaluate potential ecosystem restoration projects within the 
Skokomish River Basin under the authority of the Corps' General Investigation (OJ) Program. 
The purpose of the study is to evaluate ecosystem degradation in the Skokomish River Basin; to 
formulate and evaluate potential solutions to these problems; and to recommend a series of 
feasibility level projects that have a federal interest and are supported by the non-federal 
sponsors. The study will culminate in the completion of a programmatic level environmental 
impact statement (EJS) and feasibility level design ofthe preferred alternative that will be sent to 
the Chief of Engineers for approval and then submitted to Congress for authorization and 
eventually appropriations. Project specific environmental documents will be developed as the 
projects are further defined. Because this is a feasibility study and effects on historic properties 
cannot be fully determined prior to approval of an undertaking (in this case Congressional 
Authorization) the Corps is seeking to execute a programmatic agreement (PA) with your office 
pursuant to 36 CFR 800.1 4(b) in order to fulfill its responsibilities under Section 106 of the 
National Historic Preservation Act (NHPA). 

The Skokomish River Basin is located on the Olympic Peninsula in northwestern 
Washington at the southern end ofHood Canal. The study area is approximately 11 square miles 
and includes the lower Skokomish watershed, the Skokomish Valley, and Skokomish River 
estuary (Figure 1 ). The river is the largest source of fresh water to Hood Canal and is of critical 
importance to the overall health of Hood Canal. Alteration of the river environment and 
encroachment on the floodplain by man-made structures has degraded the natural ecosystem 
processes necessary to support critical fish and wildlife habitat throughout the basin. 
Furthermore, extensive aggradation has led to a loss of hydraulic connectivity preventing salmon 
access to upstream habitat and spawning areas. 

The Corps is currently analyzing two action alternatives that are composed of groupings 
of restoration projects. Each alternative was developed with a "base" measure that addresses the 
need for increased quantity and quality of pool habitats in the river as well as year-round fish 
passage near the confluence. Up to eight incremental measures or projects (e.g., side channel 
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reconnections, levee setbacks, placement of large woody debris, etc.) were added to these 
"bases" to capture supplementary benefits. A description of the alternatives is provided below. 

Alternative Descriptions 

Alternative 1: No Action Alternative 

No project would be recommended under the No Action Alternative. 

Alternative 2: Car Body Levee Removal (3 Scales) 

Alternative 2 consists of a "base" measure that removes the levee on the north side of the 
mainstem near the original North Fork contluence, refened to locally as the car body levee. 
Mainstem flows would then be diverted into the North Fork channel and reenter the mainstem at 
the confluence location (Figure 2). This would bypass the area where the river goes dry during 
the summer and would provide improved fish migration. A portion of flood flows would 
continue to flow in the channel. 

Eight possible restoration projects or increments could be added to this "base" to form complete 
alternatives. Different scales of each alternative were developed based on the nwnber of 
increments added to the "base." Please see Figure 2 for a better explanation of what these 
increments would entail. 

Car Body Levee Removal Car Body Levee Removal Car Body Levee Removal Scale 
(Alternative 2A) (Alternative 2B) {Alternative 2C) 
Base Alternative #3: Car Body Base Alternative #3: Car Body Base Alternative #3: Car Body 
Levee Removal Levee Removal Levee Removal 
Increment #35: Upstream L WD Increment #35: Upstream LWD Increment #35: Upstream L WD 
Installation Installation Installation 
Increment #9: Side Channel lncrement #9: Side Channel 
Reconnect ion Reconnection 
Increment #37: Grange Levee Increment #37: Grange Levee 
Setback Setback 
Increment #28: River Mile 9 Increment #28: River Mile 9 
Levee Setback Levee Setback 
Increment #39: Hunter Creek Increment #39: Hunter Creek 
Mouth Restoration Mouth Restoration 
Increment #40: Hunter Creek Increment #40: Hunter Creek 
Side Channel Restoration Side Channel Restoration 
Increment #43: Weaver Creek 
Side Channel Restoration 
Increment #26: Dips Road 
Setback 



-3-

Alternative 3: Riverbed Excavation (2 Scales) 

Under this alternative, the summer low flow problem would be addressed through two 
different scales of dredging (Figure 3). Under Alternative 2A, 2.5 million cubic yards would be 
removed from the mainstem channel between river miles 0 and 9. Under Alternative 2B, 1.2 
million cubic yards would be removed between river miles 3.5 and 9. Under both scales of 
Alternative 2, there would be a need for periodic maintenance to remove sediment 
accumulations. Dredged material would be placed in the estuary and nearshore of Annas Bay. 
This beneficial-reuse of material would provide suitable hard substrate for shellfish attachment. 
The eight possible increments discussed above would be added to both scales of this alternative. 

In order to compare the preliminary alternatives and identify potential impacts to cultural 
resources, the Corps conducted a literature review and windshield survey. Sources reviewed 
included previous inventory reports and site forms, hjstoric maps, and ethnographic literature. 
Completed in 2009, the windshield survey was designed to characterize the nature of the 
resources present in the basin and to determine if there were any historic structures or other 
clearly visible resources that should be avoided during alternaLive development. The Corps also 
requested information about cultmal resource concerns from the Skokomish Indian Tribe 's 
Tribal Historic Preservation Officer in a face to face meeting in 2010 and gathered information 
from local residents through oral histories. 

Conceptual designs have been developed for the two actjon alternatives and a draft 
integrated Feasibility Report/Environmental Impact Statement (EIS) has been prepared. At this 
time Alternative 2C has been identified as the preferred alternative in the draft integrated 
feasibility report/EIS. Alternative 3 is not recommended due to the deleterious effects dredging 
could have on other aspects of fish habitat as well as the anticipated costs of continued 
maintenance dredging. Selection of the preferred alternative will be confirmed after the Draft 
Feasibility Report/EJS has gone through public review. 

After public review, the Corps and project sponsors will begin to develop "feasibility
level" designs (typically a 35% design) of the preferred alternative. These designs will be 
included with the Final Feasibility Report/EIS and submitted to the Chief of Engineers and 
eventually Congress. After Congressional approval of the project and appropriations are 
received, the Corps would prepare environmental assessments (EA)s or a supplemental EIS for 
each of the restoration projects. rt is anticipated that traditional Section 1 06 identification efforts 
such as cultural resource surveys would occur at this stage. 

The Corps would like to take this opportunity to invite you to participate in this next 
phase of the study both tlu·ough your comments on the preferred alternative and through the 
preparation of the PA. We anticipate that the PA would layout a clear process for defining the 
area of potential effect; define the level of inventory and evaluation efforts as the preferred 
alternative is further refined; and propose best management practices or standard treatments for 
specific property types or effects. 

In addition to the Skokomish Indian Tribe and Mason County, the Corps has identified 
the City of Shelton and the Mason County Historic Preservation Commission as potential 
pamcipants in the development of the P A. The Corps is also notifying the Advisory Council on 
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Historic Preservation (ACHP) as required at 36 CPR 800.6(a)(l)(i)(c) and inviting them to 
participate. We would appreciate yow- assistance identifying additional consulting parties. 

We look forward to collaborating with your office on the development of this P A. For 
more information about this project or clarification about this request, please contact Danielle 
Storey, Cultural Resources Lead, via telephone at (206) 764 4466 or via email at 
Danielle.L.Storey@usace.arrnv.mil. I may be reached by telephone at (206) 316-3096 or by 
email at Rolla.l.Queen@usace.army.mil. 

Sir;JL£ Jt~v 
~ IJ ' Rolla Queen, Chief 

Cultural Resources Section 
Enclosures 
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REPLY TO 
ATTENTION OF 

DEPARTMENT OF THE ARMY 
SEA TILE DISTRICT, CORPS OF ENGINEERS 

P.O. BOX 3755 
SEATILE, WASHINGTON 98124-3755 

Environmental and Cultural Resources Branch 

The Honorable Guy Miller, Chairman 
Skokomish Indian Tribe 
North 80 Tribal Center Road 
Shelton, Washington 98584 

Dear Chairman Miller: 

NOV 1 5 2013 

As you are aware, the U.S. Army Corps of Engineers (Corps) has partnered with the 
Skokomish Indian Tribe and Mason County to study and evaluate potential ecosystem restoration 
projects within the Skokomish River Basin under the authority of the Corps' General 
Investigation Program. The purpose of the study is to evaluate ecosystem degradation in the 
Skokomish River Basin; to formulate and evaluate potential solutions to these problems; and to 
recorrunend a series of feasibility level projects that have a federal interest and are supported by 
both the Skokomish Indian Tribe and Mason County. The Corps contacted your office via letter 
in 2005 when the feasibility study was initiated to invite your participation in the study process 
and to solicit any concerns you may have at the early planning stages. Since that point in time, 
two action alternatives have been developed (Appendix A). The Corps would like to take this 
opportunity to re-engage your participation as a consulting party under Section 106 of the 
National Historic Preservation Act (NHPA). We are specifically seeking to execute a 
programmatic agreement (PA) with your office pursuant to 36 CFR 800.14(b) in order to fulfill 
our responsibilities under Section 106 of the NHP A. 

Conceptual designs have been developed for the two action alternatives and a draft 
integrated feasibility report/environmental impact statement (FRIEIS) has been prepared. A 
summary of the alternatives is included in Appendix A. At this time Alternative 2C has been 
identified as the preferred alternative. Alternative 3 is not recommended due to the deleterious 
effects dredging could have on other aspects of fish habitat as well as the anticipated costs of 
continued maintenance dredging. Selection of the preferred alternative will be confirmed after 
the draft FRIEIS has gone through public review. 

After public review, the Corps and project sponsors will begin to develop "feasibility
level" designs (typically a 35% design) of the preferred alternative. These designs will be 
included with the Final Feasibility Report!EIS and submitted to the Chief of Engineers and 
eventually Congress. After Congressional approval of the project and appropriations are 
received, the Corps would prepare environmental assessments (EAs) or a supplemental EIS for 
each of the restoration projects. It is anticipated that traditional Section 106 identification efforts 
such as cultw·al resource surveys would occur at this stage. 

Because this is a feasibility study and effects on historic properties cannot be fully 
determined prior to approval of an undertaking (in this case Congressional Authorization is 
needed to undertake design and construction) the Corps is proposing to use a phased process to 
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identify and evaluate historic properties until the specific aspects or locations of the alternatives 
are more fully refined. This process would be codified in the PA. We anticipate that the PA 
would lay out a clear process for defining the area of potential effect; defme the level of 
inventory and evaluation efforts as the preferred alternative is further refined; and propose best 
management practices or standard treatments for specific property types or effects. 

We are contacting you both as a Tribe with traditional and cultural resource interests and 
concern within the study area and as a Tribe with a designated Tribal Historic Preservation 
Officer (THPO) whose lands fall within the study area. The Corps has also identified the State 
Historic Preservation Officer, Mason County, the City of Shelton and the Mason County Historic 
Preservation Commission as potential participants in the development of the P A. The Corps is 
notifying the Advisory Council on Historic Preservation (ACHP) as required at 36 CFR 
800.6(a)(l)(j)(c) and inviting them to participate. We would appreciate your assistance 
identifying any additional consulting parties. 

We look forward to collaborating with your office on the development of this P A. For 
more information about this project or clarification about tllis request, please contact Danielle 
Storey, Cultural Resow-ces Lead, via telephone at (206) 764 4466 or via email at 
Danielle. l..Storcy~usucc.::tt my.mil. I may be reached by telephone at (206) 316-3096 or by 
email at Rolla . .L.Q!!.ccn{a usacc.arrny.nul. 

Enclosure 

Cc: (with enclosures) 
Kristine Miller 
Tribal Historic Preservation Officer 
Skokomish Indian Tribe 
North 80 Tribal Center Road 
Shelton, Washington 98584 

Rolla Queen, Chief 
Cultural Resources Section 



Skokomish River Basin General Investigation 
Summary of Alternatives 

Appendix A 

The Corps is currently analyzing two action alternatives that are composed of groupings of 
restoration projects. Each alternative was developed with a "base" measure that addresses the 
need for increased quantity and quality of pool habitats in the river as well as year-round fish 
passage near the confluence. Up to eight incremental measures or projects (e.g., side channel 
reconnections, levee setbacks, placement of large woody debris, etc.) were added to these 
"bases" to capture supplementary benefits. A description of the alternatives is provided below. 

Alternative 1: No Action Alternative 

No project would be recommended under the No Action Alternative. 

Alternative 2: Car Body Levee Removal (3 Scales) 

Alternative 2 consists of a "base" measure that removes the levee on the north side of the 
mainstem near the original North Fork confluence, referred to locally as the car body levee. 
Mainstem flows would then be diverted into the North Fork channel and reenter the mainstem at 
the confJuence location (Figure 2). This would bypass the area where the river goes dry during 
the summer and would provide improved fish migration. A portion of flood flows would 
continue to flow in the channel. 

Eight possible restoration projects or increments could be added to this "base" to form complete 
alternatives. Different scales of each alternative were developed based on the number of 
increments added to the "base." Please see Figure 2 for a better explanation of what these 
increments would entail. 

Car Body Levee Removal Car Body Levee Removal Car Body Levee Removal Scale 
(Alternative 2A) (Alternative 2B) (Alternative 2C) 
Base Alternative #3: Car Body Base Alternative #3: Car Body Base Alternative #3: Car Body 
Levee Removal Levee Removal Levee Removal 
Increment #35: Upstream LWD Increment #35: Upstream L WD Increment #35: Upstream L WD 
Installation fnstallation Installation 
Increment #9: Side Channel Increment #9: Side Channel 
Reconnection Reconnection 
Increment #37: Grange Levee Increment #37: Grange Levee 
Setback Setback 
Increment #28: River Mile 9 Increment #28: River Mile 9 
Levee Setback Levee Setback 
Increment #39: Hunter Creek Increment #39: Hunter Creek 
Mouth Restoration Mouth Restoration 
fncrement #40: Hunter Creek Increment #40: Hunter Creek 
Side Channel Restoration Side Channel Restoration 
Increment #43: Weaver Creek 
Side Channel Restoration 
Increment #26: Dips Road 
Setback 



Appendix A 

Alternative 3: Riverbed Excavation (2 Scales) 

Under this alternative, the summer low flow problem would be addressed through two 
different scales of dredging (Figure 3). Under Alternative 2A, 2.5 million cubic yards would be 
removed from the mainstem channel between river miles 0 and 9. Under Alternative 2B, 1.2 
million cubic yards would be removed between river miles 3.5 and 9. Under both scales of 
Alternative 2, there would be a need for periodic maintenance to remove sediment 
accumulations. Dredged material would be placed in the estuary and nearshore of Annas Bay. 
This beneficial reuse of material would provide suitable hard substrate for shellfish attachment. 
The eight possible increments discussed above would be added to both scales of this alternative. 
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State of Washington • Department of Archaeology & Historic Preservation 

P.O. Box 48343 • Olympia, Washington  98504-8343 • (360) 586-3065 

www.dahp.wa.gov 

December 5, 2013 

 

Mr. Rolla L. Queen 

Environmental Resources Section 

Corps of Engineers – Seattle District 

PO Box 3755 

Seattle, Washington 98124-3755 

     

   Re: Skokomish River Basin Ecosystem Restoration Feasibility Study  

   Log No.:  120513-01-COE-S       

    

Dear Mr. Queen: 

 

Thank you for contacting our department.  We have reviewed the materials you provided for the 

proposed Skokomish River Basin Ecosystem Restoration Feasibility Study, Mason County, 

Washington.  

 

We look forward to further consultations and the development of a Programmatic Agreement to 

address the totality of the Project and its elements.  

 

Please keep us apprised of your next steps and we look forward to participating in future 

meetings and consultations..  

 

We would also appreciate receiving any correspondence or comments from concerned tribes or 

other parties that you receive as you consult under the requirements of 36CFR800.4(a)(4).   

 

These comments are based on the information available at the time of this review and on behalf 

of the State Historic Preservation Officer in compliance with the Section 106 of the National 

Historic Preservation Act, as amended, and its implementing regulations 36CFR800.4.   Should 

additional information become available, our assessment may be revised.   

 

Thank you for the opportunity to comment and we look forward to receiving information on the 

results of your efforts.       

 

Sincerely, 

        
         

       Robert G. Whitlam, Ph.D. 

       State Archaeologist 

       (360) 586-3080 

       email: rob.whitlam@dahp.wa.gov    
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1. OVERVIEW 
 

The draft Monitoring and Adaptive Management plan report provides a conceptual plan for 
evaluating the effectiveness of proposed restoration actions and for developing corrective actions 
if management measures are not meeting performance metrics.  At the current state of project 
planning, the likely tentative plan (Car Body Levee) was used for the conceptual description of 
monitoring methods and potential adaptive management efforts.  Uncertainties remain 
concerning the exact project features, monitoring elements, and adaptive management 
opportunities. Proposed monitoring protocols follow those used in monitoring other restoration 
projects in Puget Sound and the Pacific Northwest (Crawford 2011, Heitke et al. 2010).  The 
plan envisions a 10 year monitoring period per WRDA 2039 guidance, with compliance 
monitoring occurring in years 1 and 3, and effectiveness monitoring in years 5 and 10.  
Compliance monitoring provides data to evaluate whether projects were built to design and 
effectiveness monitoring provides data to determine whether projects are meeting project 
objectives.  Decision criteria will be used to evaluate project performance for the degree of 
success, or for the need of corrective actions.  Details and uncertainties will be addressed in the 
preconstruction, engineering, and design (PED) phase, and a detailed monitoring and adaptive 
management plan, including a detailed cost breakdown, will be drafted as a component of the 
planning document. 

2. INTRODUCTION 
 
The U.S. Army Corps of Engineers, Seattle District (Corps) is conducting a General 
Investigation (GI) to propose alternative plans for aquatic ecosystem restoration in the lower 
Skokomish River Basin, Mason County, Washington. That process follows a prescribed series of 
steps to formulate and evaluate specific proposed measures, and involves working with various 
local entities and other state and Federal agencies.   
 
Ecosystem restoration of the lower Skokomish River includes multiple potential actions that are 
intended to improve the condition and function of the river system, with an emphasis on factors 
that limit anadromous fish reproduction, refuge, and rearing habitat. The proposed restoration 
measures range from site-specific engineering actions to altering basic ecosystem processes. For 
the Corps’ ecosystem restoration mission, the assessment of project alternatives is directed 
toward quantifying complex environmental benefits. Ideally, the process of assessing alternatives 
should be sufficiently broad-based that it captures the major ecological implications of proposed 
project actions, while being easily understood, and producing outputs that can be used in the 
context of standard planning and decision-making procedures.  The planning and assessment 
process often provides outputs that can be used as performance metrics (or criteria for 
determining success) in monitoring and evaluating the effectiveness of restoration actions. 
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The purpose of the Monitoring and Adaptive Management Plan described here is to provide the 
initial framework to assess project actions designed to restore aquatic habitats and food webs, 
which are considered essential for restoration of salmonid populations in the basin.  This 
assessment method is structured to address the objectives and limitations of the Skokomish River 
as defined in the Section 905(b) Water Resources Development Act Analysis Report and as 
identified in subsequent follow-up planning meetings for this project. It is consistent with 
guidelines set by the Corps (USACE 1999; USACE 2000, USACE 2003, ER 1165-2-501, 
USACE 2009). 

3. CORPS GUIDANCE ON MONITORING PLANS 
 
Section 2039 of WRDA 2007 directs the Secretary of the Army to ensure, that when 
conducting a feasibility study for a project under the Corps ecosystem restoration mission 
that the recommended project includes a monitoring plan to measure the success of the 
ecosystem restoration and to dictate the direction adaptive management should take if 
needed. As directed, the monitoring and adaptive management plan should include a 
description of the monitoring activities, the criteria for success, and the estimated duration 
and cost of the monitoring as well as specify that monitoring will continue until such time as 
the Secretary determines that the success criteria have been met.   
 
Development of the monitoring plan will be initiated during the plan formulation process and 
should focus on key indicators of project performance.  In conducting an ecosystem 
restoration study the recommended project will include as an integral part of the project a 
plan for monitoring the success of the ecosystem restoration.  At the current state of the 
Skokomish GI the monitoring objectives and indicators of project performance are under 
development.  The objectives and indicators will be refined as the planning process proceeds 
with identification of the tentatively selected plan.   
 
The monitoring plan must include the rationale for monitoring, including project specific 
parameters to be measured, how the parameters relate to achieving the desired outcomes or 
making a decision about the next phase of the project, the intended use(s) of the information, and 
the nature of the monitoring including duration and/or periodicity, the cost of the monitoring 
plan, the parties responsible for carrying out the monitoring plan and a project closeout plan.  
Monitoring plans need not be complex but the scope and duration should include the minimum 
monitoring actions necessary to evaluate success. The monitoring will continue until decision 
makers determine that the criteria for ecosystem restoration success will be met. The cost-share of 
the project is for a period of 10 years from completion of construction of a project for ecosystem 
restoration, where monitoring is considered a project cost. If the monitoring plan continues 
beyond the 10-year period, the cost of monitoring shall be a non-Federal responsibility. 
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Section 2039 also directs the Corps to develop an adaptive management plan for all ecosystem 
restoration projects. The adaptive management plan must be appropriately scoped to the scale 
of the project. The information generated by the monitoring plan will be used by the District in 
consultation with the Federal and State resources agencies and the MSC to guide decisions on 
operational or structural changes that may be needed to ensure that the ecosystem restoration 
project meets the success criteria. 
 
The Implementation Guidance for Section 2039 defines monitoring as "the systematic collection 
and analysis of data that provides information useful for assessing project performance, 
determining whether ecological success has been achieved, or whether adaptive management 
may be needed to attain project benefits" (USACE 2009). In this context, the Corps uses the term 
"adaptive management" to denote "contingency planning" – in other words, determining the need 
for, and implementing, mid-course corrections to restoration actions. Thus, the Corps recognizes 
that even the most strategically planned restoration actions can yield unexpected results. 
Comprehensive monitoring of a site documents and diagnoses these results especially in the 
early, formative stages, providing information useful for taking corrective action. In this way, it 
reduces the risk of failure and enables effective, responsive management of restoration actions. 

An effective monitoring program is necessary to assess the status and trends of ecological health 
and biota richness and abundance on a per project basis, as well as to report on regional program 
success within the United States. Assessing status and trends includes both spatial and temporal 
variations. Gathered information under this monitoring and adaptive management plan will 
provide insights into the effectiveness of current restoration projects and adaptive management 
strategies, and indicate where goals and objectives have been met, if actions should continue, 
and/or whether more aggressive management is warranted. 
 
Monitoring the changes at a project site or multiple sites in the case of the Skokomish GI is not a 
simple task. Ecosystems, by their very nature, are dynamic systems where communities and 
populations of plants, macroinvertebrates, fish, birds, and other organisms fluctuate with natural 
cycles. Water quality and sediment movement also varies, particularly as seasonal and annual 
weather patterns change. The task of tracking environmental changes can be difficult, and 
distinguishing the changes caused by human actions from natural variations can be even more 
difficult. This is why a focused monitoring protocol tied directly to the planning objectives 
needs to be followed. 
 
This Monitoring and Adaptive Management Plan describes the existing habitats and monitoring 
methods that could be utilized to assess the function of restored habitats resulting from the 
Skokomish GI. By reporting on environmental changes, the results from this monitoring effort 
will enable scientists and decision makers to evaluate whether measurable results have been 
achieved and whether the intent of ecosystem restoration are being met. 
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4. PROJECT OBJECTIVES 
 

Based on the problems (Table 1) and priorities identified in the study area, planning objectives 
include the following for the 50-year period of analysis: 

• Provide year-round passage for fish species around the confluence of the North Fork and 
South Fork Skokomish River for the 50-year period of analysis. 

• Reconnect and restore the spawning, rearing, and refuge habitats in the study’s side 
channel and tributary networks including Hunter and Weaver Creeks for the 50-year 
period of analysis. 

• Improve the quantity, quality, and complexity of native riparian and floodplain habitats in 
the study area for the 50-year period of analysis. 

• Improve the quantity, quality, and complexity of pools in the Skokomish River to 
promote spawning and rearing success, as well as reduce stranding of ESA-listed 
salmonid species for the 50-year period of analysis. 

 

Table 1. Restoration objectives and the problems they address (From USACE 2013). 
 

 Problems in the Study Area 
Objectives Year-round 

passage is 
blocked 
during 

summer low-
flow period 

Reduced channel 
capacity causes 
frequent floods 

and fish 
stranding 

Disconnected 
and degraded 
side channel 

and tributary 
networks 

Lack of high 
quality and 
complex in-
channel and 
floodplain 
habitats 

Provide year-round 
passage near confluence 

X    

Restore side channel and 
tributary network 

  X X 

Restore in-channel and 
floodplain habitats 

  X X 

Improve quality, quantity, 
and complexity of pools 

X X   
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5. CONCEPTUAL ECOLOGICAL MODEL AND UNCERTAINTY 
 
Formulating an effective ecosystem restoration project requires an understanding of 1) the 
underlying cause(s) of degradation; 2) how causal mechanisms influence components; and 3) 
how the effects may be reversed through intervention. These elements, then, should form the 
nucleus of any conceptual model used for project formulation, and are, in fact, common 
elements of most effective conceptual ecosystem models (Fischenich 2008; Fischenich et al. 
2012).  Conceptual ecological models represent the current understanding of ecosystem structure 
and function, help in identifying performance measures, and help select parameters for 
monitoring.  Model(s) help illustrate the effects of important natural and anthropogenic activities 
that result in different ecological stressors on the system. The effects of concern can be measured 
for selected performance measures defined as specific physical, chemical, and biological 
attributes of the system. 

For the purpose of the Skokomish GI Benefits Analysis five assessment metrics were used that 
have been identified as indicators of limiting factors in the basin (Correa 2003; Peters et al. 2011) 
discussed further in Appendix F. These metrics have applicability to development of monitoring 
components to track changes in ecosystem conditions in the basin.  The assessment metrics included 
for the benefits analysis were selected due to 1) their priority among components of the ecosystem 
that need restoration, 2) their general rating as being in poor condition compared to metrics that 
were not selected for measurement, and 3) the availability of empirical information on their 
existing condition and capability to conduct future, repeatable measurements. The existing 
condition information and projections of future conditions form the basis of the Skokomish GI 
future without-project condition, to which proposed actions in the basin are compared to 
determine if they could have a measurable change to the environment. Table 2 provides a 
summary of the assessed ecosystem attributes, the types of restoration measures proposed to 
address deficiencies, the metrics employed to evaluate them, the applicable portions of the study 
area, and selected pertinent references. 
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Table 2. Limiting factors and associated assessment metrics for the Skokomish GI.  

Limiting 
Factor 

Assessment 
Metric 

Applicable Restoration 
Measures 

Applicability to 
Study Reaches 

References (see 
Appendix F  

for full citation) 

Channel 
Habitat 

Pools & 
Woody 
Debris 

Sediment removal and 
trapping; placement of 
structures to maintain 

channel dynamics, scour 
channels and maintain in-
stream habitat complexity 

Reaches 2, 3, 4, 5 
Vance Creek 

Bountry et al. 2009; 
Bjornn and Reiser 
1991; Smith 1973; 

Stover and 
Montgomery 2001 

Floodplain 
Habitat 

Riparian 
Cover & 

Connectivity 

Opening of side channels 
and tributaries; providing 

access to existing 
floodplain forests and 

wetlands; levee removal; 
floodplain and riparian 

reforestation 

Reaches 2, 3, 4, 5 
Vance Creek 

Bountry et al. 2002; 
Buffington et al. 
2002; House and 

Boehne 1985; 
MacDonald and 

Keller 1987; 
McMahon 1983. 

Channel 
Capacity 

Flow 
Capacity 

Sediment removal; 
providing flood storage 
capacity; providing fish 

access to wetlands 

Reaches 1, 2, 3, 4 Bountry et al. 2009; 
Seiler et al. 2002; 
Beamer et al. 2005 

 

As part of the Lower Columbia River Estuary Restoration Program, Diefenderfer et al. (2005) 
provided an overview of the cumulative, direct and indirect effect(s) of various types of 
restoration projects on ecological components. Table 3 comes from their report and illustrates the 
effects of dike and levee removal in tidal areas.  We use this summary of literature references 
(which can be found in the Diefenderfer et al. 2005 report) to help shape our understanding of 
the potential ecological response of levee set-back, side-channel re-alignment, tributary 
reconnection, and riparian area improvements, in the lower Skokomish River and tributaries, 
while acknowledging that ecological response may be spatially and temporally unique to the 
conditions of the Skokomish River.   

As shown in Table 4 most of the proposed restoration measures that have been developed in the 
Skokomish GI and by other stakeholders are commonly used approaches to multispecies habitat 
restoration in the region (Beechie et al. 2008, Roni et al. 2002 and 2008). Reconnection of 
isolated habitats and floodplains, floodplain and riparian reforestation, and instream habitat 
improvements are frequently recommended, and are among the proposed measures for 
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Skokomish River restoration. In addition to these typical restoration measures, the Corps has 
proposed excavating a significant quantity of riverbed substrate to increase flood flow capacity, 
and thereby reduce fish stranding, and would open blocked tributary mouths (although 
excavation is not part of the TSP. The benefits analysis for the GI focused on a specific suite of 
physical manipulations within the defined study area as they are expected to affect the 
distribution, availability, and quality of habitats used by anadromous fish for reproduction, 
refuge, and rearing. Some measures are intended to address immediate critical problems, such as 
removing barriers to migration, even though channel movement or sediment redistribution may 
undo the intended effects eventually. These are referred to as the “Base Options” in documents 
related to the GI study, because they are considered the first and most important actions to 
undertake. 

Still other measures, such as reconnecting forested floodplain areas, can be expected to have 
immediate and permanent effects. These secondary measures are referred to as “Increments” as 
they will be added on to the Base Options. Measures that involve planting trees will accrue 
benefits gradually as the planted vegetation matures, but the effects will be permanent, and will 
eventually replace lost stream processes by contributing large wood to the channel and 
reestablishing channel dynamics, thus making future direct interventions to improve passage less 
necessary. When all of these measures are implemented as a coordinated effort across the study 
area, they constitute a comprehensive ecosystem restoration approach that will benefit a broad 
suite of terrestrial and aquatic plant and animal species. This process-based restoration serves to 
restore the typical ecosystem structures of Pacific Northwest river valleys, which in turn supports 
the valued ecosystem functions and services. 

 

  



Table 3.  Example of various restoration measures and the potential direct, indirect and cumulative effects (from Diefenderfer 2005, 
with references from that report).   

Restoration 
Measure 

Direct Effects Indirect or Long-Term Effects Cumulative Effects 

Levee Breach, Set-
back or  Removal 

Floodplain inundation, Fish 
access and usage (Williams 
and Zedler 1999), Land Use 
(Williams et al.  2002) 

Vertical accretion of sediments (Callaway 2001, Frenkel 
and Morlan 1991, Thom et al. 2002), Soils (Callaway 
2001, Frenkel and Morlan 1991, Portnoy 1999), Channel 
morphology change (Callaway 2001, Frenkel and Morlan 
1991), Hydrodynamics (Williams et al. 2002), 
Macroinvertebrates and fish community change 
(Williams and Desmond 2001) 

Total wetted area and hydroperiod 
(Williams et al. 2002), Fluxes (e.g., organic 
matter, nutrients, man-made chemicals) 
(SFEP 2000), Food web, Channel allometry 
(Coats et al. 1995, Williams et al. 2002), 
Fish rearing and forage habitat mosaics 
(Williams and Desmond 2001) 

Culvert Installation 
and Replacement, 
Tributary Channel 
Reconnection 

Fish Passage Plant community and detritus (Warren et al. 2002), Soils, 
Hydrodynamics, Macroinvertebrate and fish community 
(Raposa 2002, Swamy et al. 2002) 

Total wetted area and hydroperiod (Warren 
et al. 2002), Fluxes (see Dikes – above), 
Food web, Channel allometry (Coats et al. 
1995), Fish rearing, forage and spawning 
habitat mosaics. 

Channel 
Excavation 
(mainstem or side-
channel) and Site 
Grading 

Channel area, Fish access 
and usage (Miller and 
Simenstad 1997) 

Channel morphology, Sediment transport, Plant 
community and detritus (Craft et al. 2002, Simenstad et 
al. 1993), Soils (Craft et al. 2002) 

Total wetted area and hydroperiod 
(Williams et al. 2002), Fluxes (see Dikes -
above, Simenstad et al. 1993), Food web 
(Simenstad et al. 1993), Channel allometry 
(Coats et al. 1995, Williams et al. 2002), 
Fish migration, rearing and forage habitat 
mosaics (Miller and Simenstad 1997) 

Riparian or 
Wetland 
Revegetation 

Bank stabilization, Shading, 
Competition with invasives 

Plant community (Josselyn and Buchholz 1984), 
Overhanging vegetation, Shade, Large woody debris 
recruitment, Soils, channel development (Morgan and 
Short 2002) 

Organic matter flux, Food web, Fish habitat 
area (Miller and Simenstad 1997) 

Large Woody 
Debris Placement 

Fish and macroinvertebrate 
habitat, bank stabilization 

Channel morphology, debris recruitment, increase in pool 
frequency&depth, cleaning of gravels (Roni et al. 2002) 

Fish habitat area, fish density, channel 
complexity (Roni et al. 2002) 
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Table 4.  Skokomish River General Investigation currently proposed restoration measures as of 
September 30 2013.   

 
Type Name Project Type Description 

Base Car Body Levee 
Removal 

Mainstem 
channel 
connection 

Mainstem connection with continuous low flow 
channel for migration, large woody debris for 
instream structure, and sediment trap to 
maintain channel form 

Increment 35 Upstream LWD 
Installation 

Instream 
structure 

Placement of large woody debris for instream 
structure 

Increment 9 Side Channel 
Reconnection 

Floodplain 
reconnection 

Reconnect side channel at high flow for 
overwinter habitat, with summer rearing pond 
habitat and use of riparian zone 

Increment 37 Grange Levee 
Setback 

Floodplain 
reconnection 

Reconnect floodplain for overwinter habitat, 
riparian habitat, reduce stranding 

Increment 28 RM 9 Levee 
Setback 

Floodplain 
reconnection 

Reconnect floodplain for overwinter habitat, 
reduce stranding, benefits of riparian zone 

Increment 39 Hunter Creek 
Mouth 

Tributary 
reconnection 

Reconnect tributary to the mainstem 

Increment 40 Hunter Creek 
Tributary 
Restoration 

Floodplain and 
tributary 
enhancement 

Channel excavation for rearing and refuge 

Increment 43 Weaver Creek 
Tributary 
Restoration 

Floodplain and 
tributary 
enhancement 

Channel excavation for rearing and refuge 

Increment 26 Dips Road 
Setback 

Floodplain 
reconnection 

Reconnect floodplain for overwinter habitat, 
riparian habitat, reduce stranding 

 

6. MONITORING PLAN GOALS & OBJECTIVES 
 

The primary goal of the Skokomish GI Restoration Project is to restore functional floodplain, 
mainstem, and tributary habitat for anadromous and resident species in the lower Skokomish 
River.  Successful ecosystem restoration requires two basic tools: the ability to alter ecosystems 
to recreate a desired condition, and the ability to determine whether those manipulations have 
produced, or are producing, the desired condition (Keddy 2000). This second tool is achieved 
through systematic monitoring of restoration outcomes.  

As a general format, the following are common ecosystem restoration monitoring objectives:  1) 
determine and prioritize needs for ecosystem restoration; 2) support adaptive management of 
implemented projects; 3) assess and justify adaptive management expenditures; 4) minimize 
costs and maximize benefits of future restoration projects: 5) determine “ecological success”, 
document, and communicate it; and 6) advance the state of ecosystem restoration practice. 
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The overall goals for monitoring Skokomish GI restoration actions (following the example of 
Brandon et al. 2013 for Puget Sound Nearshore GI) are to: 

1. Assess the effectiveness of restoration actions in achieving defined project objectives; 

2. Determine where corrective action is needed to improve the effectiveness of 
restoration actions, and inform decisions about how to take such corrective action; 
and 

3. Reduce risks and uncertainties associated with future restoration actions by increasing 
understanding of the relationships between restoration actions and restored ecosystem 
processes, structures, and functions for Puget Sound river ecosystems. 

 

The monitoring objectives for the Skokomish GI were established for measuring and evaluating 
the effectiveness of the tentatively selected plan projects: 

1. Determine whether habitat connectivity through mainstem areas and to floodplain and 
tributary habitats is improved for native aquatic species via levee removal/setback, 
reconnection, or creation of side channel and off-channel habitat.   
 
Monitoring will follow selected protocols for measuring the effectiveness of floodplain 
enhancement projects (Crawford et al. 2011d, Peters et al. 2011).  Specific monitoring 
objectives are to determine 1) overall changes in channel capacity and constraint in 
project reaches, change in overall stream form using a thalweg profile, changes in 
topography of floodplain and channel bed, map newly created off-channel habitat, and 
determine fish presence and density in newly created or reconnected area (if site 
conditions allow). Monitoring will occur in years 1, 3, 5 and 10.   
 

2. Determine whether riparian plantings are effective at restoring riparian vegetation and 
stream bank stability and reducing sedimentation.   
 
Monitoring will follow selected protocols for measuring the effectiveness of riparian 
plantings (AREMP 2006, Crawford et al. 2011c, Peters et al. 2011).  Monitoring will 
occur in years 1, 3, 5, and 10. 
 

3. Determine if artificial instream structures (i.e., large woody debris) are effective in 
improving channel morphology and increasing local fish abundance in the treated area at 
the reach level.  
 
Monitoring will follow selected protocols for monitoring the effectiveness of instream 
structures (Crawford et al. 2011b, Peters et al. 2011).  Specific monitoring objectives are 
to determine 1) the thalweg profile in the impact and control reaches for each of the 
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instream structure projects sampled; and 2) the numbers of juveniles of the targeted 
salmon species in the control and impact reaches for each of the instream structure 
projects sampled.  
 

4. Determine changes in mainstem and floodplain channel conditions (e.g., inundation, 
water surface elevation, sediment transport and deposition) from results of baseline and 
post-project monitoring conducted by the Bureau of Reclamation (USBR 2007, 2009a, 
2009b) or for USACE H&H recommended post-project data collection and modeling 
requirements (Appendix B, USACE 2011).  This monitoring may be applicable to the Car 
Body Levee removal action. 
 
Although this activity is not a specific to construction projects in the Skokomish GI, 
analysis of future channel changes is critical to understanding potential impacts to 
ecosystem restoration projects from sediment and flow variation.  In this case, it is 
assumed that monitoring by Reclamation will continue at regular intervals into the future.   
 

While Bureau of Reclamation studies have been conducted outside the Skokomish GI, the 
scopes of both agencies have been coordinated to avoid duplication of effort and provide 
most useful information for decision-makers.  USACE baseline modeling results could be 
updated based on data from ongoing monitoring by Bureau of Reclamation and with 
additional data collection.  As discussed in Appendix B, the greatest uncertainty in the 
Skokomish 2D model is accurate representation of complex topography particularly features 
that control when flow spills out of the main channel into overbank areas.  The report 
recommended collection of additional topographic data to address data gaps and reduce 
uncertainty.   It is assumed the cost of the mainstem and floodplain channel monitoring and 
modeling would not be included in the Monitoring and Adaptive Management plan but 
would be estimated for the engineering cost.  However, collection of topographic data for 
mainstem and floodplain channel modeling and analysis could be compatible with data 
collected under the Floodplain Reconnection monitoring component (described above) which 
could result in efficiencies and reduced cost for both if planned accordingly. 

7. MONITORING COMPONENTS 
 

The key planning products related to monitoring are (1) a detailed monitoring plan and (2) a 
data management plan that serve as integral parts of the overall Adaptive Management Plan. 
These will by necessity be formulated iteratively, at the current conceptual stage of planning for 
the Skokomish GI the plans are described based on how they do or do not follow regional 
monitoring protocols developed for particular ecosystem restoration types.  The plans will be 
further developed as the feasibility stages progress, with an objective of having sufficient detail 
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at the end of feasibility stage to permit good cost estimates, whereas they should be ready for 
implementation at the close of the PED stage.  At this point in the study preliminary cost 
estimates will be provided for the listed monitoring components.  

Monitoring efforts will be performed by using “monitoring metrics” listed below by project type, 
indicator, expected outcome, and effectiveness criteria.  Some of these have specific 
performance targets associated with them and others measure the more unpredictable aspects of 
the development and use of the site.  These methods are largely consistent with protocols 
developed by the State of Washington for monitoring of restoration projects (Crawford 2007).  

In order to evaluate the overall effectiveness of the project and to determine if the specific 
objectives are met, the following Monitoring Plan is proposed, and includes several basic 
monitoring components: mapping of physical habitats for overall channel form, connections 
between habitat types, pool development, large woody accumulation and substrate transport and 
deposition, fish presence or absence of juvenile and adult salmonids in reconnected habitat areas, 
and macroinvertebrate community.  All components would be monitored as specified below, 
once prior to the project (pre-project) and over the course of ten years following completion of 
the project.  Components will follow basic monitoring protocols developed for regional 
assessments for Hood Canal or the Pacific Northwest (i.e., Crawford 2011, HCCC 2010).  Table 
5 shows an example of the different levels of effort required for effectiveness monitoring for 
project performance. 

As a series of restoration projects, it is expected that the lower Skokomish River and associated 
habitats will be dynamic and will evolve in accordance with river flow and sediment movement 
following reopening of channel connections, removal of the levee, placement of large wood, and 
replanting the riparian zone. Therefore, strict achievement of predetermined “performance 
standards” may not necessarily predict the success or reveal the failure of the restoration effort. 
The monitoring and evaluation will be flexible and will focus on determining whether the overall 
goals and objectives of the restoration are being met.   

Monitoring tasks are described for various stages of the project and for various levels of effort.  
The stages and types include before or pre-project (baseline), during and immediately following 
construction (implementation or compliance), and after or post-project (effectiveness) 
monitoring.  Baseline data used in developing restoration actions in the study area vicinity include 
the lower river, adjacent tributary areas, and the river delta which are detailed in Peters et al. 2011 
(Appendix F), Flooding and Sedimentation Analysis (USACE 2011, Appendix B), Wetlands 
Inventory (Appendix C), with a summary of this and other basin studies (e.g., Correa 2003) in 
the Benefits Analysis (Appendix G): this baseline data while useful for study planning may not 
be well suited to tracking changes in river conditions at specific restoration sites. 

Pre-project or before action monitoring documents project site conditions prior to initiation of 
the restoration actions. Compliance monitoring (typically performed in years 1 and 3) determines 
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whether the project was constructed in accordance with the design specifications (and permit 
conditions), and demonstrates if the habitat that was proposed to be built is evolving as expected. 
Effectiveness monitoring provides information to demonstrate how well the habitat has 
developed and is being utilized by targeted biota (typically performed after compliance, at Years 
5 and 10).  

By evaluating performance criteria for each restoration action, effectiveness monitoring tests 
whether actions are achieving their stated ecological objectives. Measuring and tracking these 
criteria provides feedback to determine if any adjustments to the restoration action are necessary 
to improve its probability or degree of ecological success. If properly planned and maintained, 
this feedback leads to increased knowledge, reducing uncertainty in the outcomes of restoration, 
and allowing sequential improvement of management actions in meeting the objectives from site 
to project scales. This feedback is the basis of an adaptive management framework. 

The effectiveness monitoring design calls for a timeline series of baseline (before action) and 
post-construction (after action) measurements and a spatial comparison of reference (control) 
area and project area (treatment) measurements.  As an example of spatial comparison, this 
design applied to riparian plantings would test for changes in shading, the proportion of the reach 
with all three layers of vegetation (canopy, under-story, and ground cover), and bank erosion of 
the riparian plantings relative to the these same parameters observed at control sites upstream. 
 

 



16 
 

Table 5.  An example of an Effectiveness Monitoring Process Matrix (from Dissmeyer 1994). 

Questions or Issues Quality of Data for 
Decision Making 

Skill Levels Amount of Data 
Collected 

Streams 
(Areas) 

Evaluated 

Time to Decision on 
Effectiveness 

Screen projects for an 
obvious yes or no on 

effectiveness 

Qualitative data and 
observation. Obvious good 
or bad recognized. Large 

uncertainty 

One or two trained 
professionals with knowledge 
and experience and technician 

Small to moderate 
amount 

Many A few hours to one or two 
days to a week 

Effectiveness of projects 
in high value areas 

Qualitative and quantitative 
data. Moderate amount of 

precision. Moderate 
uncertainty. 

Two professionals trained in 
hydrology, fisheries, habitat, 
invertebrates plus technicians 

Moderate to large 
amount 

Many Two weeks to a month 

High value resources at 
stake, produce 

information to modify 
practices or actions 

Quantitative data, limited 
qualitative data.  Good 

precision to detect 
significant impacts, minor 

uncertainty 

Professionals in statistics, 
hydrology, fisheries, 

invertebrates, channel 
geomorphology, plus 

technicians 

Large to very large 
amount-extensive data 
management system 

needed. 

Limited 
Number 

Two to three months for 
individual projects, 

watershed studies require 
one to three years. 

Understand cause and 
effect, modify practices 

or actions 

Quantitative data, limited 
qualitative data.  Good 

precision to detect small 
changes, very minor 

uncertainty 

Same as above, but many are 
likely to be researchers 

Very large amount-
extensive data 

management system. 

Very Limited 
Number 

Two, three, or more years. 

 



17 
 

Project Types 
 
Floodplain Reconnection and Enhancement 

The goal of floodplain restoration and improvement is to restore the natural flood flow basin 
width through natural process and active channel creation as needed so that gravel, large wood, 
and normal stream morphology and fish habitat can be restored.  Diking and levees, road 
construction, fills, and other construction work within the stream’s normal flood line can 
constrain flow within the normal flow channel leading to scouring effects upon stream gravel, 
loss of hiding cover and food organisms, and unsuitable habitat for rearing juvenile salmon. 
Constrained channels are disconnected from the floodplain and are limited in the level of natural 
processes that can occur in terms of overbank flow, off-channel habitat creation, LWD 
recruitment, and maintenance of instream flows.  
 
Skokomish GI study projects include levee removal and setbacks, reconnection of side channel 
and off channel habitat. All three scales of Alternative 2 would benefit the listed salmonid 
species by resolving the problem of blocked spawning migration by providing a year-round 
connection to upstream spawning areas. 
 
Side channel creation and reconnection of side channels can be used in conjunction with 
floodplain reconnection projects to provide off-channel habitat in the short-term while allowing 
natural processes to create and maintain floodplain habitat in the long-term. The current shortage 
of off-channel habitat in many of the major river systems in the Pacific Northwest indicates an 
immediate need for this type of habitat as well as the need to sustain off-channel habitat and 
floodplain function over the long-term.   
 
The monitoring indicators for floodplain reconnection and habitat improvement projects are 
measured at three levels (following protocols in Crawford 2011d): 

Level 1 – Mean channel capacity 

Channel capacity measures the overall channel flow capacity as a mean bankfull cross-sectional 
area. When a channel is constrained, the velocity of the water increases to compensate for higher 
volume. Mean channel capacity is a cross-sectional area calculated by adding the capacity above 
the water surface to bankfull to the capacity of water in the stream at the time of the survey 
utilizing bankfull width, bankfull height, wetted width (reach width), and water depth (depth) or 
thalweg measurements. This metric can also be calculated using the bankfull elevation and 
channel topography as part of the topographic survey. As the connection with the floodplain 
increases, the mean channel capacity should decrease, as bankfull flows become more frequent. 
Failure to reduce the mean channel capacity would indicate that the project is not effectively 
functioning at increasing floodplain connection. 
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Level 2- Thalweg Profile, Floodplain Topography, Channel Bed Topography 

The thalweg profile characterizes pool-riffle relationships, sediment deposits, wetted width 
substrate characteristics, and channel unit-pool forming categories. Sampling is based upon 
establishing regular transects (recommended 11 transects) within each identified stream reach. 
Pre-project measures of the variation of depth throughout the stream reach and the residual pool 
longitudinal-section area will be compared to detect post-project changes. An average flood-
prone width is determined for study reach. Floodplain topography will be assessed using 
topographic survey in the field, maps, aerial photos, or LIDAR, as available. Changes in mapped 
topography will be identified.  Changes in topography will be measured to assess the amount of 
off-channel habitat and floodplain habitat created by the project. Duration and frequency of 
inundation will be evaluated once the new habitat is completed to assess the capacity for the new 
habitat to be used based on mean daily flows across the period of record. This indicator should 
increase with improved connection to off-channel habitat. 

Level 3—Fish Use and Density  

Fish presence and density will be assessed at the project both before and after project 
implementation. If the project cannot be surveyed during high flows due to safety concerns, a 
surrogate off-channel habitat in the area will be used to assess the potential for the newly created 
habitat to support fish.  A qualitative measure is whether fish are present or absent in the project 
area with the effectiveness measure is density of fish per unit area (square meters) with 
comparison to reported values for similar habitats.  Expected species that would utilize the site 
include Chinook (in the winter and early spring), coho, and chum salmon, sculpin species, three-
spine stickleback, rainbow trout, and possible steelhead.   

Expected Outcome  

Floodplain enhancement projects are may be measured in their entirety, or may require only one 
stream reach identified according to methods in Crawford (2011a).Upon completion of the levee 
removal or setback projects, Years 1, 3, 5, and 10 monitoring will consist of:  
 

• Determining the extent and capacity of the floodplain enhancement due to removal of the 
dike, reconnecting the side channel, etc., in the project area and reference reaches. 

• Measuring instream morphology and structure using the thalweg profile within the 
project area and reference reaches. 

• Determining abundance of juvenile salmon in the project area and reference reaches 
during summer low flow or winter high flows based on project objectives, if possible. 

• Determining the baseline floodplain and channel topography using remote sensing and 
field techniques. 

• Calculating the level of floodplain connection (duration and frequency) using hydraulic 
modeling and mean daily flows for the period of record. 
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• Calculating the area and volume of new habitat created using RTK GPS and/or aerial 
imagery in repeated surveys through time. 

Effectiveness - The results of the monitoring will be evaluated for effectiveness with decision 
criteria.  The action will be considered effective by Year 10 if 1) a change of 20 percent or more 
is not detected for channel capacity between the calculated difference between the project area 
and reference reaches; 2) if a change of 20 percent or more is detected for thalweg measures of 
residual pool vertical profile area, mean residual depth, and flood-prone width between the 
calculated difference between the project area and reference reaches; and 3) if the area of new 
off-channel habitat increases over baseline. 
 

Riparian Plant Communities 

Riparian habitat improvement projects have the potential to create improvements in bank 
stability, streamside shading, erosion, and other benefits within a moderate amount of time (5-20 
years). The goal of riparian planting projects is to restore natural streamside vegetation to the 
stream bank and riparian corridor. Although riparian planting is not a specific individual project, 
it is a separate measure common to most GI project areas that has a defined monitoring protocol.  
The assumption is that riparian vegetation increases shading of the stream, leading to cooler 
temperatures more desirable for salmon rearing. Vegetative cover also reduces sedimentation 
and erosion, which can impact egg survival, food organisms, and the ability of salmon to find 
food. 
 
Monitoring indicators for riparian plantings and habitat enhancement are measured at two levels 
(following protocols in Crawford 2011c): 

Level 1- Number of trees and shrubs planted and the cover provided by planted trees and 
shrubs.  This indicator tracks how many of the original plantings remain alive in Years 1 and 3 
to help measure the effectiveness of initial planting and the influence of supplemental water. 
After three years it becomes increasingly difficult to determine survival of planted trees among 
naturally recruited trees.  In years 5 and 10 the percent cover of riparian species is considered a 
better indicator of project effectiveness and will be used.   The percent cover of woody plants is 
an indicator of whether woody riparian vegetation is being restored to the stream bank and 
riparian corridor. Estimates of percent woody cover will include cover provided by naturally 
recruited shrub and tree seedlings as well as that provided by planted seedlings. 
 

Expected Outcome - Upon completion of the riparian planting projects, monitoring will 
occur over 10 years, with determination in Years 1 and 3: 1) the survival of the species of planted 
riparian vegetation; 2) the percent woody cover provided by riparian vegetation; 3) the 
proportion of the three layers of riparian vegetation present within the project and control areas; 
4)  the proportion of shading within the project and reference areas; 5) the proportion of actively 



20 
 

eroding stream banks within the project and reference areas; and 6) the percentage of pool tail 
fines.  Monitoring in year 5 and 10 will determine 1) the percent woody cover provided by 
riparian vegetation; 2) the proportion of the three layers of riparian vegetation present within the 
project and reference areas; 3) the proportion of shading within the project and reference areas; 
and 4) the proportion of actively eroding stream banks within the project and reference areas. 

Effectiveness - The results of the monitoring will be evaluated for effectiveness with 
decision criteria.  The action will be considered effective if 1) at least 50% of the riparian 
plantings in the planting area survived to Year 3; 2) if percent cover of woody riparian species, 
as measured in riparian planting plots, is at least 80% in Year 10; and 3) if a change of 20% or 
more is detected by year 10 for mean percent canopy density and mean proportion of three layers 
of vegetation presence for the difference between reference and project areas.   
 
Instream Habitat Structures 
 
The objective for instream projects is to change the stream channel form with structures that 
increase instream cover, spawning, and juvenile resting areas by constructing artificial instream 
structures which provide direct benefits.  The basic assumption is creating more diverse pools, 
riffles, and hiding cover will result in an increase in local fish abundance.  The monitoring goal 
is to determine if projects that place artificial instream structures into streams are effective in 
improving stream morphology and increasing local fish abundance in the treated area at the 
stream reach level.  Monitoring of instream structures can be a companion action with floodplain 
reconnection efforts for some projects as they have similar monitoring components (i.e., thalweg 
profile, juvenile fish abundance).  The monitoring protocol described below for Skokomish GI is 
to evaluate placement of large woody debris (LWD), but the overall protocol from Crawford 
(2011b) is intended to address various channel features including: 1) channel reconfiguration, 2) 
installed deflectors, 3) log and rock control weirs, 4) roughened channels, and 5) large woody 
debris (LWD).  The base action for the Carbody Levee has a general goal to achieve 
approximately 64 logs, two to three feet in diameter and 15 to 30 feet long, per river mile based 
on recommendations found in Fox and Bolton (2007).  Base 3 includes placement of LWD, 
while Project Increments 36 and 9 include placement of LWD and use of stones for anchor logs.  
 
Monitoring indicators for LWD and other instream habitat structures are measured at two levels 
(following protocols in Crawford 2011b): 

Level 1 - Number of structures (LWD or other type) remaining in the sampled project 
reach.  Structures must be identified using GPS coordinates and other techniques such as tags 
affixed to LWD in order to track the life of structures over time.    
 

Level 2 - Thalweg Profile. The Thalweg profile characterizes pool-riffle relationships, 
sediment deposits, wetted width substrate characteristics, and channel unit-pool forming 
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categories. Stream morphology sampling methods are taken from EMAP (Peck et al. 2003). 
Sampling is based upon establishing 11 regular transects within each identified stream reach. 
Pre-project measures of the variation of depth throughout the stream reach and the residual pool 
volume will be compared to detect post-project changes. 
 

Level 3 - Numbers of juvenile salmon in the reach. Abundance of salmon can be 
determined using juvenile counts. Juveniles will be monitored using protocols developed by 
Washington Department of Fish and Wildlife and Oregon Department of Fish and Wildlife. The 
least intrusive monitoring protocol should be used whenever possible. Project impact areas will 
be compared to the reference reaches and to other streams as well. The metrics used will be 
numbers per square meter for juveniles. 
 

Effectiveness - The results of the monitoring will be evaluated for effectiveness with 
decision criteria.  The action will be considered effective if 1) at least 80% of the structures are 
present in year 10. On an individual project basis, the project is considered functioning if 50% or 
more of the structure is in place; 2) if there is a significant difference in mean thalweg (middle of 
channel) pool area and pool depth, between project and reference areas by year 10; and 3) if 
juvenile salmon density is 20% greater than the pre-project estimate.    
 
Flooding and Sedimentation Analysis 

USACE (2011) recommended that to accurately represent complex topography of the mainstem and 
floodplain additional data could be collected to improve the two dimensional model. The following 
are the prioritized data types to fill gaps (either outdated data, limited data, or no data has been 
collected) needed for post construction flooding and sedimentation analysis: 1) topographic data in 
below water portions of the mainstem downstream of RM 2 (no data has been collected); 2) profiles 
of top of bank and levee (current data is outdated); 3) North Fork channel and floodplain (no data); 
4) hydraulic controls (riffles and channel widening/narrowing) on mainstem channels that influence 
water survey; 5) channel survey data for wetted channel areas of the floodplain, including Purdy 
Creek, Weaver Creek, and Skabob Creek (limited data); and 6) new high water elevations with 
discharge measurements along mainstem to correlate with updated topography (limited). At a lower 
priority, new LIDAR or aerial photography collected a low flow with vegetation removed via 
processing is needed to accurately represents elevations, topography, and in-channel features.  
 
Data Collection Standards and Management 

Data standards, quality assurance and quality control procedures and metadata standards will be 
developed in cooperation with Mason County, Skokomish Tribe, and Bureau of Reclamation, 
and will be coordinated with NOAA Fisheries, US Fish and Wildlife, and Washington 
Department of Fish and Wildlife.  To the extent practicable, the data will be complementary with 
the other regional databases such as any related to the Puget Sound Partnership restoration 
programs for Hood Canal, i.e. PRISM (PSP 2009, Crawford 2011).  A data management plan 
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separate from this document should be developed in the pre-construction phase before 
monitoring data begin to be collected. This plan should identify an agency or organization 
capable of providing long-term stewardship of the data while adaptively meeting the needs of the 
Project. 
 
Use of Monitoring Results and Analyses 
 
Project monitoring is the responsibility of the USACE and non-federal sponsor.  However, 
because of the need to integrate monitoring for programmatic adaptive management between the 
Skokomish GI and surrounding restoration activities, agency coordination is required.  The 
USACE and non-federal sponsor will be responsible for ensuring that project-specific 
monitoring plans are technically competent and appropriately integrated within basin-wide 
assessment and monitoring plans (e.g., Bureau of Reclamation, Puget Sound Partnership, 
Skokomish Tribe, and Mason County).  The results of the monitoring program would be 
communicated to an assessment team that would use the information to assess project and 
ecosystem responses to management, evaluate overall project performance, and construct project 
report cards for effectiveness or need for corrective actions.  See Adaptive Management section 
for more details.   
 

Schedule, and Estimated Cost 

 
Based on USACE guidance, cost estimating associated with implementing the monitoring and 
Adaptive Management Plans should be estimated based on currently available data and 
information developed during plan formulation as part of the feasibility study. Because 
uncertainties remain as to the exact project features, monitoring elements, and Adaptive 
Management opportunities, the initial estimated costs will likely need to be refined during the 
Feasibility and PED stage in conjunction with the development of the detailed monitoring and 
Adaptive Management Plans.  Table 6 shows the planning and implementation elements of the 
cost estimate and the schedule of major project phases when each of the elements would be 
developed and implemented.  Table 7 provides proposed monitoring tasks or monitoring plan 
elements for pre and post project periods.  The rationale and final cost of Adaptive Management 
and anticipated adjustments in projects will be included and reviewed as part of the final 
decision document.  A preliminary cost for monitoring is included in Table 8 while contingency 
measures or adaptive solutions and costs will be developed during the Feasibility stage.  Any 
identified physical modifications (Corrective Actions) for projects will be cost-shared and must 
be agreed upon by the sponsor. 
 
A Draft summary of proposed monitoring plan elements is shown in Table 7 for project type or 
data need, measured feature, performance metric, potential trigger for intervention, available 
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monitoring methods, responsible parties, monitoring duration pre-project or during construction 
(Year 0), and post construction (Years 1, 3, 5, 10).  The implementation of the monitoring plan 
could be completed by USACE (staff or consultants), the sponsor(s), or cooperating agencies.  
Cost estimates can differ dramatically depending of what organizations complete the monitoring 
tasks for the 10-year duration of the project. If USACE staff or consultant costs will likely be 
higher than sponsor or cooperating agency involvement.  In comparison, monitoring of State or 
locally funded restoration projects often include contributions from a variety of parties, such as 
volunteers, staff from various organizations such as the Washington Department of Fish and 
Wildlife (WDFW), Hood Canal Coordinating Council, NOAA Fisheries, equipment from 
various sources.  
 
Preliminary cost estimates for each task are summarized in Table 8 using estimated cost of 
consultants performing the work based on the level of effort (days) for protocols from the State 
of Washington (Crawford 2011) or estimated from other sources, with costs from currently 
available rates from consulting firms utilized by Seattle District.  The costs are based on one or 
more of the types of surveys and data collection methods listed in Table 7.  The method(s) will 
be reviewed by the Project Delivery Team in the near term to identify the reasonableness of cost 
versus data quantity and quality each method may period and select an appropriate technique and 
scope. Costs were not developed for data needs identified for channel capacity and sedimentation 
analysis in Appendix B. Further discussion with H&H section and Bureau of Reclamation would 
be needed to identify who collects the data (and pays for collection) and which method would be 
appropriate (LIDAR, total station or other).   
 
Monitoring tasks may be added, deleted, or changed when the monitoring data provide credible 
information warranting such decisions.  A good monitoring plan is one which is rigorous enough 
to meet scientific standard but is also adaptable enough to allow changes as technical knowledge 
improves, preferences change, or funding sources decline. 
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Table 6.  Monitoring and Adaptive Management Schedule. 
 

  Study Phase   

  Planning Feasibility PED 
Post 

Construction 
Responsible 

Parties 
Develop Conceptual 

Monitoring and 
Adaptive Management 

Plan X X     USACE 

Detailed Monitoring 
and Adaptive 

Management Plan   X X   

USACE/Skokomis
h Tribe/Mason 

County/Bureau of 
Reclamation 

(BOR) 
Monitoring Data 

Collection:  Pre-project 
and Post-Construction     X X 

USACE/Skokomis
h Tribe/Mason 
County/BOR 

Database Development 
and Management     X X 

Collaborative with 
other Regional 

Entities 
Implementation of 

Adaptive Management:  
a) management of plan; 

b) assessment of 
monitoring results; c) 
decision making; and 

d) planning, developing 
and implementing 

management actions   X X X 

USACE/Skokomis
h Tribe/Mason 

County & 
Cooperators 

Corrective Actions       X 

USACE/Skokomis
h Tribe/Mason 

County 
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Table 7.  Proposed monitoring tasks. 

Project Type Task Indicator or Data Need Triggers for Intervention 
(not all performance metrics 
are listed)  

Data Collection Method Lead Duration 
(Yrs) 

Products 

Floodplain 
Enhancement 
(Levee Set-back, 
side channel 
reconnection) 

Mean 
Channel 
Capacity 

Does mean channel cross-
section decrease over time 
(increased floodplain 
capacity) 

  Channel Cross-section, 
Total Station Survey 

USACE 0, 1, 3, 5, 10 Progress Reports yrs 
0, 1, 3, 5; Final 
Report yr 10; data 
provided to regional 
database 

  Channel 
Connection 
Thalweg 
Profile, 
Floodplain 
Topography, 
Channel Bed 
Topography 

Do project side channels 
remain reconnected (% 
connection maintained) and 
is there an increase in off-
channel habitat  

Less than 50% of new side-
channel remains connected 
5yr after construction, 
areas/volume of habitat  

Topography -various 
methods, Aerial 
Photography/LIDAR, 
Total Station; Stream 
survey for instream 
habitat 

USACE 0, 1, 3, 5, 10 Same as above 

    Is there a % increase in 
pool volume and area 

Less than 20% increase in 
residual pool area and depth 

Same as above USACE 0, 1, 3, 5, 10 Same as above 

  Floodplain 
Connection  

Calculate level of 
floodplain connection 

  Hydraulic modeling for 
duration and frequency 

USACE 0, 1, 3, 5, 10 Same as above 

  Fish Usage Are reconnected side 
channels used by juvenile 
salmon  

Less than 50% of published 
juvenile density in side-
channel 5 years 

Presence - visual survey; 
Density - snorkeling 
preferred, alternative 
seining, electrofishing  

USACE 0, 1, 3, 5, 10 Same as above 

  Large 
Woody 
Debris 

Are log jams increasing 
habitat diversity as 
measured by % pool area 
(primary and backwater) 
and pool frequency 

<5% increase in pool area in 5 
years 

Stream survey, include 
use tags on placed LWD 

USACE 0, 1, 3, 5, 10 Same as above 

Tributary 
Reconnection 

  Do project side channels 
remain reconnected (% 
connection maintained) 

Less than 50% of new 
tributary channel remains 
connected five years after 
construction 

Stream survey  USACE 0, 1, 3, 5, 10 Same as above 

Riparian Growth 
(common 
measure for most 
projects) 

Riparian 
Growth and 
Survival 

Number of trees and shrubs 
planted (and surviving) and 
the cover provided by 
planted trees and shrubs 

<50% of plants survive to 
year 3; % riparian cover 
<80% in year 10; <20% 
change in mean % canopy 
density 

Aerial Photographs, 
ground surveys 
 

USACE 0, 1, 3, 5, 10 Progress Reports yrs 
0, 1, 3, 5; Final 
Report yr 10; data 
provided to regional 
database 

Channel Capacity 
or Flooding and 
Sedimentation 
Analysis  

Channel 
Change 
Mainstem 

Topographic data fills data 
gaps: below water in 
mainstem, profiles top of 
bank/levees, hydraulic 

   Channel Cross-section, 
Total Station Survey, and 
lower priority for Aerial 
Photographs or LIDAR 

BOR and 
USACE 

Schedule to 
be developed 
by USACE 
and BOR 

Progress Reports   
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Project Type Task Indicator or Data Need Triggers for Intervention 
(not all performance metrics 
are listed)  

Data Collection Method Lead Duration 
(Yrs) 

Products 

(USACE Data 
Recommendation, 
Appendix B) 

controls (riffles, 
constrictions), high water 
marks/discharge 

with vegetation removed 
for topography 

  North Fork 
and 
Floodplain 

Topographic survey as no 
data exists 

  Similar to Above BOR and 
USACE 

Same as 
above 

Progress Reports   

  Mainstem 
floodplain 
and 
tributaries  

Topographic survey as 
limited data  

  Similar to Above BOR and 
USACE 

Same as 
above 

Progress Reports   
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Table 8. Monitoring costs per monitoring year (up to 3 to 5 years depending on metric over 10-yr period).   

Monitoring Effort Individual Yr 
Cost 

Total 
Cost 

Floodplain Enhancement Projects      
    Mean Channel Capacity $16,000  $80,000  
    Channel Connection (survey thalweg, floodplain 
topography, instream habitat) $47,000  $235,000  
     Fish Use $8,000  $40,000  
     Floodplain Connection $10,000  $30,000  
Tributary Reconnection $5,000  $20,000  
Riparian Plantings  $8,000.00  $40,000  
LWD  $5,000  $25,000  
Channel Capacity (Data Needs for Topography) – LIDAR 
only (3 yrs); BOR to collect other data or the method/party 
responsible must be scoped with H&H $35,000  $105,000  
TOTAL ESTIMATED LABOR COST* $134,000.00  $575,000  

*Amount is cost-shared between the Corps, Skokomish Tribe and Mason County in accordance with the 
Project Partnership Agreement.  The total cost does not equal the individual year cost as some monitoring 
efforts are done more frequently than others. 

** Channel capacity data collection cost may not be part of monitoring plan cost depending on purpose 
and need and responsible party. 

 

Contingency Planning and Implementation (to be developed in Adaptive Management) 

Contingency measures will be implemented if the monitoring program (or any other documented 
observations by qualified personnel) indicates performance targets are not being met, or 
unexpected geomorphic changes are posing risks to adjacent properties, or to the project itself.    
The USACE and non-federal sponsor, in coordination with regulatory and funding agencies, 
would then assess monitoring metric parameters and initiate the implementation of corrective 
actions to address the identified issue.  

The contingency plan may require extension of the monitoring phase of the project, especially if 
major changes in the plan are required. As applicable, Corps project biologists and engineers, in 
consultation with agency personnel, will make adaptive management recommendations (see next 
section for more details).   The Corps and sponsor will be responsible for implementation of the 
restoration plan and any associated contingencies.   
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8. ADAPTIVE MANAGEMENT  
 

The DRAFT Adaptive Management Plan for the Skokomish GI reflects a level of detail 
consistent with the project status for developing a conceptual tentatively selected plan. Section 
2039 of WRDA 2007 (USACE 2009) requires the development of an adaptive management plan 
for any ecosystem restoration feasibility study. The primary intent for such a plan was to develop 
adaptive management actions appropriate for the project’s restoration goals and objectives. The 
specified management actions permit estimation of the adaptive management program costs and 
duration for the project.  The plan at this point is descriptive, outlining the process to implement 
adaptive management steps, details will be developed during the feasibility stage. As described 
below, the Adaptive Management process as applied to ecosystem restoration projects is taken 
from Fischenich et al. (2012) which relied upon the conceptual definition from the NRC (2004). 

 
The level of detail in this plan is based on currently available data and information developed 
during plan formulation as part of the feasibility study. Uncertainties remain concerning the 
exact project features, monitoring elements, and adaptive management opportunities. 
Components of the monitoring and adaptive management plan were similarly estimated using 
currently available information. Uncertainties will be addressed in the feasibility, 
preconstruction, engineering, and design (PED) phase, and a detailed monitoring and adaptive 
management plan, including a detailed cost breakdown, will be drafted as a component of the 
planning document.   
 
Key risks or uncertainties associated with the tentatively selected plan include the following, 
along with the strategy to reduce risk as the study continues: 1) future aggradation, elevation, and 
alignment of river channel; 2) incorporate features into feasibility-level designs that will limit 
channel migration and reduce riverbed instability; and 3) monitor the projects and implement 
adaptive management measures as needed.    
 
One key issue identified by the project delivery team includes uncertainties in the Skokomish 
mainstem due to the high sediment loads from Vance Creek and South Fork Skokomish and 
effectiveness of sediment reduction measures.  The current plan is to assess and stabilize and 
abate fine and coarse sediments from various sources.  The monitoring and assessment would be 
conducted under a separate process from the project specific monitoring discussed in the 
previous monitoring section. 
 
DESCRIPTION OF ADAPTIVE MANAGEMENT 

Adaptive Management is a process wherein management actions can be changed in response to 
monitored system response, so as to maximize restoration efficacy or achieve a desired 
ecological state. Adaptive management allows projects to proceed in the face of uncertainty, 
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accelerating project implementation and the realization of benefits while avoiding unneeded 
study. Since it eliminates some undesirable outcomes, adaptive management also increases the 
likelihood that restoration projects will achieve full success. In moving from the conceptual to 
actual implementation, it becomes apparent that adaptive management has a significant influence 
on the planning process. It forces planners to confront the possibilities of adverse outcomes and 
think about how alternatives could be modified in order to help ensure project success. The 
process of addressing these factors can be as valuable as adaptive management itself.  

The primary incentive for implementing an adaptive management program is to increase 
the likelihood of achieving desired project outcomes given the identified uncertainties. All 
projects face uncertainties with the principal sources of uncertainty including (1) incomplete 
description and understanding of relevant ecosystem structure and function, (2) imprecise 
relationships between project management actions and corresponding outcomes, (3) 
engineering challenges in implementing project alternatives, and (4) ambiguous management 
a n d  decision-making processes. 
 
Adaptive management can be described in terms of a series of eight Steps, and is guided by a 
set of Principles that help improve the likelihood of project success. The figure below shows 
how the development of an adaptive management plan relates to the Corps’ six-step planning 
process. Adaptive management is useful only when three criteria are met; in other 
circumstances projects should simply be monitored for success. Adaptive management relies 
upon monitoring of one or more metrics related to the project objectives, and the 
implementation of management actions that are triggered by decision criteria and risk 
endpoints. The development of an adaptive management plan is required as part of the 
feasibility study for all ecosystem restoration projects.  
 

The basic steps of the Adaptive Management process include:  

• Planning a program or project, including the development of an AM plan;  

• Designing the corresponding project with pre-project monitoring as needed;  

• Building the project (construction/implementation);  

• Operating and maintaining the project;  

• Monitoring selected parameters to measure project performance; and  

• Assessing the results of monitoring, which will lead to decisions to:  

• Continue project monitoring with no adjustment; or  

• Adjust the project if goals and objectives are not being achieved; or Determine whether 
the project has successfully produced the desired outcomes and is complete (Figure 1).  

http://cw-environment.usace.army.mil/eba/pdfs/adaptive-criteria.pdf
http://cw-environment.usace.army.mil/eba/images/adaptice-define.png
http://cw-environment.usace.army.mil/eba/images/adaptice-define.png
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Figure 1. Steps in Adaptive Management. 

 

The Adjusting step refers to Adaptive Management as opposed to routine maintenance. The 
distinction is that Adaptive Management actions result in a change to the design or operation, 
while maintenance restores the project to its design condition. If further adjustments are 
required beyond the current authority, a new plan might be required (i.e., reformulation). In this 
respect, the process can be regarded as iterative.  Rather than trial and error as a management 
format, Adaptive Management uses performance-related hypotheses and directed monitoring and 
assessment to confirm and improve understanding of ecological processes and helps explain why 
the goals and objectives were or were not achieved. 
 
One method for quantifying the benefits of adaptive management is based on the recognition 
that, for any project, there are a number of possible outcomes with associated benefits (and 
costs).  As described and shown in the Benefit Analysis (Appendix F), there are alternative 
trajectories over the 50-year project life for individual ecosystem performance responses (e.g., 
pool formation, riparian growth, etc.) from future without and future with project.  The Benefit 
Analysis assumes a conceptual outcome where the projects perform as conceived, without any 
interruption of ecosystem restoration project development which could result in loss of benefits 
or even loss of the project without intervention. Through Adaptive Management actions, it is 
possible such undesirable outcomes for project performance can be removed or reduced in 
impact (i.e., maintaining or improving habitat units that would be lost otherwise). The planning 
team should attempt to describe the output trajectories of projects without uncertainties with 
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adaptive management and assign probabilities to each as part of the AM plan formulation 
process.  
 
The important decision for developing an Adaptive Management plan for the Skokomish GI is 
whether it is applicable and potentially useful for improving project success.  Adaptive Management 
could be applicable and useful if the project outcomes are uncertain; the response to restoration can be 
reasonably measured and adverse or sub-optimal response(s) can be identified; and alternative or 
adaptive actions are available and implementable.   
 
Action criteria (aka as triggers as listed in Table 7) are the specific values of monitored 
parameters used in evaluating program and project performance. Importantly, these criteria 
determine if the monitoring results support continued implementation of the project as designed 
or if adaptive actions should be undertaken. Action criteria differ from success criteria, which 
are used to help the Division Commander determine when ecological success has been achieved. 
Action criteria should be developed for both performance measures and risk endpoints, such that 
performance hypotheses about project outcomes can be evaluated to determine if adjustments are 
needed in management measures 
 
Performance measures (or targets) refer to the desired outcomes of program and project 
implementation and are described in the monitoring section. Performance measures are derived 
from stressors and attributes identified in the conceptual models and should: (1) be measurable; 
(2) have a relatively strong degree of predictability (i.e., targets specified by predictive models or 
by best professional judgment); (3) change in response to project implementation; and (4) verify 
progress and evaluate hypotheses through monitoring and assessment. 
 
Risk endpoints refer to undesired effects of management actions; they are essentially measures 
of negative project performance (i.e. adverse impacts or constraint violations). The concept of 
risk includes (1) the possibility that the anticipated project outcomes will not be achieved, (2) 
the potential that some other unexpected, undesired (and perhaps irreversible) outcome will 
occur, or (3) that there are certain adverse impacts to be avoided, minimized, or mitigated 
during project implementation. The first two aspects of risk result from the fact that ecosystems 
are inherently variable and incompletely understood. As a result, expected outcomes of 
management actions are not entirely certain. The third aspect of risk relates to defining risk 
endpoints; i.e. characterizing project constraints that cannot be violated. 
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